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...it’s worth 
engineered wire 





An ever-increasing number of insula- 
tions for an ever-increasing number 
of electrical and electronic products 
puts growing emphasis on specialized 
wires engineered for the job. Your 
engineered product merits Belden 
wire engineering service. 


WIREMAKER FOR INDUSTRY 4-M 
SINCE 1902 
CHICAGO 





Magnet Wire * Lead and Fixture Wire * Power Supply Cords, Cord Sets and Portable Cord ¢ Aircraft Wires 
Welding Cable * Electrical Household Cords * Electronic Wires * Automotive Wire and Cable 































NEW) DEPARTURE 


€ BALL BEARINGS 


Self-sealied bearings simplify 
design...cut maintenance costs 


New Departure originated self-sealed ball bearings to elimi- 
nate the most common causes of bearing wear and failure— 
such as abrasive dirt and improper lubrication. Since then, 
more than 300,000,000 New Departure sealed bearings have 
been produced in various types to fit the specific requirements 
of industry. Seals are available to keep out foreign matter, 
ranging from dust and dirt to corrosive gases . . . to retain 
lubricants, varying from heavy grease to light oil . . . to 
provide the protection that assures longest life. 


New Departure’s latest advance, Sentri-Seal, embodies exclu- 
sive features which importantly improve both bearing per- 
formance and range of application. Because of its design, 
Sentri-Seal provides controlled, highly efficient sealing with 
low torque and is not materially influenced by axial move- 
ment due to bearing end play within prescribed tolerances. 





Sealed ball bearings offer the electric motor 
and machine tool builder many advantages. 
They simplify design, make it possible to 
mount motors in any position, cut maintenance 
to a minimum, and eliminate the need for 
relubrication for long periods of operation. 


WRITE FOR COMPLETE INFORMATION ON 
NEW DEPARTURE SEALED BEARINGS! 


NEW DEPARTURE « DIVISION OF GENERAL MOTORS CORPORATION «@ BRISTOL, CONN, 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 3 








‘““‘DEPENDABLE for HEAVY LOADS and FREQUENT STARTING”’ 


Reasons Wheeldex 
uses BODINE MOTORS 





Bodine Type NCI-54RL reducer motor 





This Bodine motor is used in Wheeldex and Simpla rotating files A cutaway drawing of the Wheeldex shows the position of the 
having loads varying in total weight from around 22 to 364 lbs. Bodine Motor. The ¥% HP, 1625 rpm, capacitor start-and-run 
Because Bodine Motors have established an outstanding record motor, with a 40:1 gear ratio and 73 in. lbs. torque, is connected 
of reliability under the abusive treatment of frequent starts-stops, to the driving pulley. The high starting torque of these Bodine 
plus considerable jogging, they are ‘‘standard”’ on all of the Motors easily handles the unbalanced loads resulting from par- 
company’s motorized files. tially filled files. 


Mr. R. P. Scholfield, 
general manager, gives the reasons 
Wheeldex & Simpla Products, inc., 

White Plains, New York, has 
standardized on Bodine Motors for 
all of their motorized file systems . . . 





"Unbalanced loads, amounting at times 
to an estimated additional force of 
140 oz. ft., and an unusually high 
number of starts and stops makes our 
application of your motor extremely 
abusive. However, we have never had 
a motor failure, and no service or 
maintenance problems whatsoever over 
long periods of time." 





Here is one motorized model of the Simplawheel. Rapid position- 
ing of the file cards quickly brings any one of 1,000 to 120,000 
or more cards, depending on capacity of model used, within 
inches of the operator's fingers for easy finding, posting and filing. 


Be sure your motor is as good as your product. For information con- 
tact Bodine Electric Company, 2256 West Ohio St., Chicago 12, Ill. 


B O D | N a Bodine manufactures fractional horsepower electric motors for: 


a 


adding machines, letter openers, sanders, vending machines, 
exhaust fans, duplicating machines, hand dryers, portable tools, 
sound recorders, air conditioners, check protectors, 

respirators, voltage regulators, X-ray timers, traffic signal timers, 


stirrers, calculating machines, envelope sealers, and for 


fractional / 
horsepower f 


nL 


MOTORS &© 


... the power behind the leading products many other applications. 
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in This issue 


STATIC D-C REFERENCES. It isn’t al- 
ways given much attention, but the fact 
is that the accuracy of a feedback con- 
trol is sometimes limited by the stability 
of its input. The engineer can spend 
endless time designing a drift-free amp- 
lifier, selecting motors 
and gearing and eliminating any ten- 
dency to hunt, yet still end up with 
a less-than-perfect system. The problem 
that could create this situation is an 
input that won’t “hold still.” Frequent- 
ly, the input to a feedback loop is a 
potential that is picked off a source of 
accurately regulated d-c voltage, com- 
monly 


fast-response 


known as a_ reference-voltage 
scurce. Electron tubes have served this 
purpose admirably. More recently, mag- 
netic amplifiers, silicon diodes and 
transistors have shown tremendous pos- 
sibilities, both from the standpoint of 
accuracy and because they have the add- 
ed advantage of being completely static 
devices. In the article beginning on 
page 54, the static voltage references 
are analyzed and described. Certain 
combinations of these offer a stabiliza- 
tion factor of 1/2000, meaning that 
with a change in line voltage of X 
volts, the output of the reference 
source will swing only 1/2000 X volts. 


MAGNETIC MATERIALS vs DESIGN 
“STOPS.” The full implication of the 
phrase “design stops” (which we first 
heard used by engineers of the West- 
inghouse Materials Manufacturing 
Dept., Blairsville, Pa., in defining their 
material-development objectives) came 
home to us at the AIEE Conference and 
Exhibit on Magnetism in _ Boston. 
There some 77 separate disclosures of 
new magnetic theories, materials, ma- 
terial-components and techniques point- 
ed the way to design improvements in 
electrically operated machines, appli- 
ances and equipment that were pre- 
viously blocked by material limitations. 
We've tried to select those develop- 
ments of current or near-future com- 
mercial interest and interpret them 
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This Month’s Cover ener 


The “Christmas-tree” dendritic structure 
(magnified 27,000 times) of fine-particle- 
iron permanent magnets; the “slim- 
square” hysteresis loop of Supermendur, 
a new high-flux, high-permeability soft 
magnetic alloy; a coreless memory unit 
t of printed circuitry on ferrite “peg- 
board”—these form our cover salute to the scientists, metallurgists 
and design engineers whose combined efforts in the field of 
magnetics are daily pushing back the design “stops” of electrically 
operated equipment through the development and application of 
new permanent-magnet, soft-magnetic and ferrite materials and 
material-components. Our thanks to the Edsel B. Ford Institute 
for Medical Research for the electron micrographs; to Bell 
Laboratories, Inc., for the hysteresis loop; to RCA for the memory- 
unit photo. Full details in staff report briefed on preceding page. 





In This issue 


(Continued) 


(with as few high-level scientific com- 
plicativities as possible) in a five-part 





report, complete in this issue, on Per- 
manent Magnets, Soft Magnetic Ma- 
terials, Ferrites & Thin Films, Test 
Methods and Apparatus, New Devices 
and Components. Starts on page 62. 


RESISTOR EVALUATION. Many de- 
sign engineers and others misconstrue 
the term “tolerance” as used in MIL 
specs and other technical documents. 
Actually this term implies little or no 
measure of stability or stamina but is 
intended merely to inform the designer 
how closely the resistance of a resistor 
of a particular type (measured at room 
temperature) agrees with the nominal 
value at the time of manufacture. Ac- 
tually in the practical design of reliable 
equipment, allowances must be made in 
the circuitry to assure satisfactory op- 
eration with resistor drifts from the 
initial value of at least 3 per cent and 
in many cases as much as 20 per cent, 
regardless of initial tolerance. A guide 
to proper evaluation of resistors for 
tolerance, stability, and stamina is pre- 
sented by Messrs Davie, Gehegan, and 
Andriolo in an article beginning on 
page 74. The data presented in this 
article are based on evaluation experi- 
ence at the Naval Material Laboratory 
at the New York Naval Shipyard. 


VIBRATION AND SHOCK. The 
problem of vibration must be considered 
by design engineers in evaluating the 
performance and physical capabilities 
of precision equipment. This holds true 
whether the equipment be a massive 
machine tool or a delicate piece of elec- 
tronic apparatus. Anyone making mili- 
tary electronics equipment encounters 
the problem of severe environ- 
mental test requirements. Vibration is 
a major factor, particularly in the field 
of airborne equipment where the test- 
ing procedure is often further compli- 
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cated by requirements of high-temper- 
ature operation. To help guide the read- 
er in choosing the best type of vibration 
instrumentation for particular applica- 
tions, two authors have been invited 
to discuss the attributes of two entirely 
different transducers for vibration in- 
strumentation. In part one of the two- 
part article beginning on page 78. A. 
W. Orlacchio describes calibration tech- 
niques and design features of crystal- 
type vibration pickups for use at high 
temperatures. In part two following on 
page 82. A. C. Diechmiller discusses 
various magnetic pickups and factors 
to be considered in their selection for 
specific applications. 


CONTROLLING EMBEDDED ELEC- 
TRONIC PACKAGES. Integrated ef- 
fort between the chemist and the 
electronic package engineer, is a 
“must” if optimum design is to be 
achieved. Cast resin embedment chem- 
ical processes must be understood by 
the engineer and proper control means 
established beginning with analysis of 
raw material, moving through produc- 
tion tests and ending with final pack- 
age tests. Control test methods are 
described and their significance is dis- 
cussed by Charles A. Harper of 
Westinghouse Air Arm Division in a 
practical “how to” article beginning on 
page 85. Typical problems are cited 
and solutions indicated. An excellent 
companion piece to Mr. Harper’s other 
current article covering environmental 
tests for embedded electronic units 
(December issue, page 116). 


START-RUN PROTECTION. We 
would probably be amazed if we knew 
how many successful products owe 
much of their success to some advan- 
tageous property that came along ac- 
cidently. This bonus benefit wasn’t 
dreamed of in the development stages, 
but when it did appear it was quickly 
recognized and exploited. We’ve heard, 
for example, that years ago certain 
hair tonic manufacturers enjoyed boom 
sales when the excellence of their prod- 
ucts as high-proof beverages was dis- 
covered by some enterprising consum- 
ers. Accident certainly has had its effect 
in design engineering too and we sus- 
pect that a good case history example 
can be found right on page 90 of this 
issue. The article commencing on that 
page describes the operation and use 
of a new thermal relay that is used to 
protect the start winding of a  split- 
phase motor. Safe operation of the mo- 
tor was the original reason behind the 
design of the relay. Now, it is found 
that because the protection offered the 
motor is so good, a smaller factor of 
safety need be applied by the motor 
designer when specifying wire diameter 
for the auxiliary coil. Finer, higher-re- 
sistance wires can be used with safety— 
a fact which is translated into the 
bonus benefits of higher starting torques 
and smaller frame sizes. 


WAFER COIL TRANSFORMERS. 
During and since the war, the elec- 
tronic content of military aircraft has 
risen exponentially. In the event of a 
national emergency, therefore, there 
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will be terrific demands on producton 
of all sorts of electronic components, 
among them small transformers of the 
“audio” type. Hence the Air Force has 
been concerned with the feasibility of 
producing such devices on a mechaniz- 
ed basis. They have sought to avoid 
bottlenecks in materials and production 
processes such as wire drawing which 
calls for diamond dies made by foreign 
artisans. Making coils in the form of 
spiral wound wafers of copper or alumi- 
num foil was a possibility reported on a 
couple of years ago (EM, Feb. 1955). 
Space factor of aluminum foil is com- 
parable with copper magnet wire; 
with copper foil, miniaturization is pos- 
sible. Under an independent develop- 
ment contract, the possibility of mech- 
anizing the production of such coils 
and their design is now being investi- 
gated. Not the least of the tedious bot- 
tlenecks, requiring manual skill and 
training, to be eliminated is attachment 
of leads to conventionally wound coils. 
Foil construction lends itself to simp- 
lification of such procedures. In this 
progress report, AMF engineers also 
tell of work done in development of 
machinery for automatic interleaving of 
core laminations. See page 94. 


DIELECTRIC GLASSES. The use of 
glass materials for dielectric purposes 
has been steadily advancing. At pres- 
ent these materials are receiving closer 
study than ever owing to a combination 
of characteristics that feature stability, 
elevated temperature resistance, and, on 
the average, a higher order of resistance 
to nuclear radiation than the organic 
materials. Research workers find glass 
a particularly rewarding class of ma- 
terial to study since it is amenable to 
the development of almost an infinite 
number of chemical systems and com- 
positions. Turn to page 100 for a report 
by W. E. Hauth, Jr., and A. L. Pugh, 
Jr., both of International Resistance 
Company, on several new dielectric 
glass systems that feature extended di- 
electric properties and temperature 
performance levels. 
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THE SCHRAGE MOTOR. Although 
the designers of American machines re- 
quiring adjustable speeds have largely 
ignored the existence of the Schrage 
motor, it is a big thing for European 
engineers. In fact, observers point out 
that the Schrage motor is to European 
designers what the Ward Leonard 
drive is to engineers over here. The 
article that begins on page 104 describes 
the many excellent advantages of this 
machine, including its wide speed range 
up to 20 to 1; its operation that is 
similar to that of a conventional induc- 
tion motor; its high efficiency over the 
full ranges of speeds and loads. Pro- 
ponenis of the a-c Schrage motor cer- 
tainly appear to have a sound entry in 
the adjustable-speed sweepstakes that 
is now pretty well dominated by the 
d-c group. Beyond the discussion of 
operating article 
presents a description of the operation 
of the Schrage motor, which is actually 
fascinating from a machine design 
standpoint. Sliprings, commutators, in- 
side-out construction, adjusting wind- 
ings and pilot motor all are combined 
in this “tricky” machine. 


characteristics the 


DRY CIRCUITS AGAIN, “It’s a hit! 
It’s a miss!” Either one may be the 
decision of a radio jury trying to pre- 
dict the fate of a popular song. But if an 
electronic circuit designer wants to pre- 
dict whether a miniature relay will miss 
in a “dry circuit” he has to put the 
component on a “miss” tester. Dry in 
this case has nothing to do with the 
anti-saloon league. It means a circuit 
handling milliamps at millivolts. The 
problem of “opens” when the contacts 
are called upon to close plagues de- 
signers of military electronic gear like 
missiles. No proved reason for erratic 
performance has been found, no solu- 
tion achieved, other than testing a batch 
of relays under simulated conditions 
and picking out the good ones. A prac- 
tical test setup is described by author 
Scism of Convair Astronautics with an 
assist from a former associate at Gen- 
eral Precision Labs. See page 111. 
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Low Temperature 
Porcelain Enamels 


Extension of porcelain enamels to 
lighter-gage metals and to larger-size 
panels now seems feasible through the 
development of low-temperature por- 
celain enamels that fire in the 1000 to 
1350 F range. Conventional enamels 
require firing in the 1500 F range and 
impose the risk of warpage unless 
heavy gage metals are used. The lower 
firing enamels are the result in im- 
provements in both frits and methods 
of metal preparation. This development 
is also seen as an impetus to the use of 
porcelain-enameled aluminum. The en- 
tire area of these developments were 
major discussion subjects at a recent 
forum of the Porcelain Enamel Institute 
at the University of Illinois, November 
7, 8 and 9. 

Diametrically opposed characteristics 
of aluminum and porcelain enamel 
were used in suggesting a possible ap- 
plication for porcelain-enameled alu- 
minum in electric toaster design. A 
study of reflectivity data would show 
that, generally, aluminum is an excel- 
lent thermal reflector, but a poor radia- 
tor, while enamel is just the converse. 
These characteristics may be utilized in 
applications where one-side enameling 
could be a design advantage, as in a 
toaster. 


High-Temperature-Stable 
Piezoelectric Material 


New piezoelectric, lead metaniobate, 
retains most of its properties up to 
500 C, according to General Electric 
scientists. In this respect, it offers im- 
portant advantages over such materials 
as lead zirconate and barium titanate. 
Indicated applications: Missile acceler- 
ometers; safety devices to control ex- 
cessive vibration in jet engines and 
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missile motors; and wherever a piezo- 
electric mechanism is required under 
conditions of very high temperature and 
severe vibration. 

The material is now in small-lot pilot 
production at General Electric’s Spe- 
cialty Electronic Components Depart- 
ment, Syracuse, N, Y. Credit for 
product refinement goes to the G-E 
Electronic Laboratory, Syracuse, and 
for research to the G-E Research Labo- 
ratory, Schenectady, N. Y. 


Sound Intensity — 
That Ol’ db 


There’s no end of fret and worry for the 
materials specialists. No sooner are they 
faced with the twin problems of super- 
elevated temperatures (800 C and up) 
and resistance to nuclear radiation, 
than the effect of ultrasonic sound in- 
tensity sets up a new and critical prob- 
lem. 

It’s no secret now that under extreme 
conditions sound intensities reach 175 
to 180 db. This is some 50 db over the 
threshold of pain for humans. Under 


Tough Life for Carbon 
Brushes. Life is far from 
easy for these carbon brushes 
undergoing tests at the 
General Electric’s Carbon 
Products Laboratory, Sche- 
nectady, New York. In the 
test chamber illustrated, the 
brushes are required to oper- 
ate in controlled contamina- 
ted atmospheres. The entire 
laboratory is devoted to 
research on carbon brushes, 
and employs a wide range of 
test methods. In cooperation 
with motor and machine 
designers, new brush designs 
are developed on both labor- 
atory and pilot plant bases. 


such conditions materials may undergo 
drastic molecular changes. In effect, 
physical disintegration may take place. 
In some dielectric oils, for example, an 
effect similar to cracking occurs, with 
the original compound becoming frac- 
tionated into incompatible and mutually 
corrosive components. 

Cosmic ray effects, too, become a 
problem, for example in the engineering 
design of the earth satellite. What may 
occur to certain materials, particularly 
some of the insulation already specified, 
may be predicated on various tests, but 
the final answer can be found only in 
the results of what amounts to a “field 
equipment test” of rather awesome pro- 
portions. 


Fluorocarbon Elastomer 
in Latex Form 


A synthetic rubber able to withstand 
temperatures in the range of 400 to 450 
F is now available in developmental 
quantities in latex form. The material 
derives from M. W. Kellogg’s Kel-F 


Elastomer, a copolymer of chlorotri- 
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By reacting ammonia with air in the presence of 

a specially developed catalyst, BAKER’s Nitroneal Gas 
eo Generator produces pure nitrogen with a controllable 

FORMING ANY a hydrogen content, completely free of oxygen, for furnace 
8 brazing and bright annealing of stainless steel. The 

5 _ hydrogen content contained in the generated gas can be 

oS, varied to meet the changing requirements of the electron- 

jes field, and can be maintained, within close tolerances, 

VAT Sails :; at any desired percentage between 0.25% and 25%. Econ- 
c omy is one of the major factors of this equipment. The cost 

of the nitrogen produced by the Nitroneal Generator is 


Tih = 


Briefly, the other salient features of the Nitroneal 
Generator are: Safety—all danger of explosion is elimi- 
‘ nated, high concentrations of hydrogen are never present; 
A NN NN i a ly f : Fully Automatic—no operating personnel required, changes 

: in pressure or load are automatically compensated; Uniform 

. , Analysis—gas composition remains constant within 0.25% 

of the set point; Quick Starting—the catalytic reaction is 

_exothermal, there are no heating elements to prevent im- 

OF mediate action; Flow Range—operation anywhere in the 
range of from 25% to 100% of rated capacity without ; 

change in gas composition; Portability—a single unit, con- 


) : nections to a 110 volt line, water, air and ammonia lines 
Tvs sc, a 
Write for complete catalog material and details. 








PRECIOUS METAL RUPTURE DEOXO™ PURIFIER provides SUPER - SENSITIVE DEOXO“ 





DISCS resist corrosion and low-cost catalytic purifica- INDICATOR measures the 
provide adequate openings tion of gases. DEOXO® faintest traces of oxygen 
to protect and relieve pres- PURIDRYER dries as well as or hydrogen present as 
surized apparatus. purifies the gases. impurities in other gases. 
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. oe Model 30006 Nitroneal 113 ASTOR STREET, NEWARK 2, NEW JERSEY 
a7" NEWYORK + SANFRANCISCO + LOSANGELES + CHICAGO 


ENGEL ARI 4(INODU SE TRAE S 


Seer S ee Ri vaetstat KOR s CPvrrresvit et PREC THe Oe Tats 





JANUARY 195 9 








RESEARCH HORIZONS 


fluoroethylene and vinylidene fluoride. 
The latex, a stable water dispersion of 
very fine rubber particles, may be ap- 
plied by casting, dipping or coating 
fabric. 

Ceyain modifications in the basic 
latex compounds are indicated for 
specific applications, as for example 
for high-temperature electrical insulat- 
ing purposes combined with resistance 
to water and steam. It has been possible 
to cast both unsupported and supported 
films from certain compounds. 


Design for What? 
Department — 


Appliance consumer advertising is now 
running neck-and-neck with automotive 
copy for honors (such as they may be) 
in the purple prose department. Latest 
entry is the “Sheer Look” in Frigidaire 
refrigerators, ranges and laundry units, 
all dressed up in colors “perky as a 
flower garden”—including a new “char- 
coal gray.” We’re somewhat confused 
about charcoal gray being a flower hue 
but we suppose that’s the kind of 
flower the exurbanite Madison Avenue 
lads grow on their weekends. 

We wouldn't be surprised now to see 
the other big appliance manufacturers 
come along with, say, a Christian Dior 
look or something of the same order of 
magnitude. .. . J As for us, we'll hold 
out for the Marilyn Monroe look in our 
kitchen. 


Human Engineering internal 
Consulting Groups 


An increasing number of companies are 
setting up human engineering depart- 
ments as internal consulting research 
and design groups—some small and 
others large. The trend is particularly 
strong in military electronics and air- 
craft. Some of the functions and objec- 
tives of these groups were discussed in 
our October 1956 issue (“Human En- 
gineering in Equipment Design”). 

For example, the recently organized 
human engineering group at the RCA 
Defense Electronics Plant, Moorestown, 
New Jersey, consists of two experi- 
mental psychologists and an industrial 
design engineer. The group acts as 
consultant to the missile and surface 
radar engineering projects. It also con- 
ducts human engineering research that 
may have general application to other 
company developmental programs. 

As reported by the “Naval Human 
Engineering Bulletin,” November issue, 
a survey undertaken by members of the 
Human Engineering Department, Lock- 
heed Aircraft Corporation, Marietta, 
Georgia, reveals that of 40 companies 
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queried in the air frame and support- 
ing industries, some 24 have organized 
human factors research underway, six 
companies are in the process of doing 
so, and one company uses consultants. 
The two leading professional groups em- 
ployed are psychologists and engineers, 
61 and 57 respectively. The engineers 
are primarily aeronautical, electrical, 
mechanical, and industrial specialists. 
Median size of the groups (professional 
and technical personnel) is six. The 
range is from 1 to 32. 


Counting 
Rate Meter 


Patented circuit for a counting rate 
meter (U. S. Patent No. 2,755,441) 
requires a signal voltage of no more 
than approximately 25 volts, as against 
some 2000 volts needed in standard 
units. This circuitry was developed to 
permit the design and use of small, less 
dangerous, and less costly equipment. 
In standard circuits, a high voltage 
was needed to overcome the cumulative 
buildup of the rectifier bias voltage. In 
the patented circuit, this need is elimi- 
nated by connecting the return leg of 
the rectifier to the output side of the 
VITVM. This change compensates the 
milliammeter for the bias voltage build 
up. 

The patent described here is one of 
56 royalty-free, non-exclusive patents 
recently released by the Atomic Energy 
Commission, as part of a continuing 
program of cooperation with industry. 
By now some 1046 Commission-held 
patents and patent applications have 
been released. 


Standard Atmospheric 
Test Conditions 


At the recent International Electro- 
technical Commission 1956 meetings 
held in Munich, one of the areas of 
general agreement was a strong desire 
for the establishment of a standard 
covering atmospheric test conditions. 
Subject to approval by appropriate 
technical committees and ratification by 
the various national committees, the 
following proposal was developed: 
1. Standard ambient temperature 
range— +15 C to +35 C 
(Note-—This temperature range 
may be extended to +10 C to 
40 C by Committees dealing with 
large equipment or large pieces 
of material.) 
2. Standard reference temperature- 
2¢ C 
3. Standard ambient 
for reference tests: 
to bo 2 C + 1 C,; 
ore. 2. C, 
ort, 3. 
With regard to definitions under vari- 
ous applicable clauses, it was agreed 
that these should be modified to refer 


temperatures 


to “conditions” and not only to tem- 
perature. Intention was also expressed 
to adopt the following standard values 
of relative humidity and atmospheric 
pressure for the purposes of official 
publication: 
1. Standard atmospheric conditions 
for testing: 
Relative humidity—45% to 75% 
Atmospheric 
pressure — 860 to 1060 mbar 
(650 to 800 mm Hg) 


2. Standard atmospheric conditions 
for referee tests: 
Relative humidity—50% + 2% 
Atmospheric 
pressure — 860 to 1060 mbar 
(650 to 800 mm Hg) 


Please 
Continua --- 


Add the word “continua” to your scien- 
tific vocabulary, that is, if you are go- 
ing in seriously for “high grade” 
analytical work in the advanced me- 
chanics of materials. Lehigh University 
College of Engineering has announced 
the establishment of a curriculum in 
engineering mechanics starting in Sep- 
tember 1957 including a_ two-part 
course, “Mechanics of Continua,” that 
will incorporate fundamental principles 
of the mechanics of deformable bodies, 
equilibrium and compatability equa- 
tions, energy principles, potential func- 
tion, conformal representation, appli- 
cations to the solution of problems in 
elasticity, hydrodynamics, and _plastic- 
ity. 

This curriculum, Lehigh authorities 
point out, follows the recommendations 
of the American Society of Engineering 
Education for increasing the content 
of basic and fundamental science in 
engineering curricula. 


Revolt of 
the Machines? 


Nothing in many a moon of reflection 
has given us quite the same degree of 
reflection dithers as the recent Case 
of the Runaway Air Force Snark. Now 
that our remotely controlled pilotless 
planes decide to develop minds as well 
as electronic brains, there’s no telling 
where this trend may stop. 

If you’ve been hankering for that 
Completely Automatic Electronic Home 
of the Future, you may as well stop 
here and give the matter a second sober 
thought. Behind their cool and _ col- 
lected control panels, those kitchen 
marvels may be seething with their own 
lives of quiet desperation. . . One of 
these Monday mornings when you go 
off looking for your automatic breakfast 
coffee and toast you may find just an 
empty spot along the kitchen wall and 
perhaps a magenta-tinted control knob 
left behind as a forlorn memento. 


/™ A.E.J. 
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SPECIAL 





nothing can touch this winding 


Oil, acid, vapor, heat and pressure don’t affect this AC motor 
winding. It’s completely encased in a special, high-tempera- 
ture, chemical-resistant plastic. The windings are cast right 
in the plastic to make a single, solid, impervious piece. 


Of course, this winding goes into a special motor — one that’s 
designed to run in a pressurized atmosphere of inert gas, under 
constant exposure to a piping-hot oil splash and vapor at over 
200°F. Temperature-stabilized bearings, oil lubricated under pres- 
sure, and drip-proof, corrosion-resistant construction are some 
other design necessities for this unique 115-volt, 1/3 hp AC motor. 


Here is a typical example of ESCO’s unusual ability to design 
and build rotary electrical equipment to meet special customer 
needs. Whether or not your particular motor problem is this 
special, remember that ESCO’s more than forty years of experience 
is always available to you. No motor or generator problem is 
too big or small, too routine or specialized for ESCO engineers 
and craftsmen to solve properly, the way you want it solved. 


Refer to Esco Catalog in section zi in Sweet's Product Design 
File, or write direct for general catalog No. 56PD. Why not 


also send us details on your special problem . . . we'll be glad 
to show you how we would go about solving it for you. 


uth6o6 


LTY CO. 


171 South Street, Stamford, Conn. 
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DAGLAS OFFERS A FLEXIBLE 


GLASS INSULATION WITH 





PROVEN THERMAL STABILITY ! 


DAGLAS WIRE 


GLASS seltdhipals 


AN 


\ 


Oy 
Wi * 





Twist test samples showing adhesion and flexibility of double Daglas wire 
as compared to conventional double glass wire (one twist per inch). 





FIRST FOR LASTING QUALITY—FROM MINE TO MARKET! 


. = 


* Daglas—trademark registered and product patented. 
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Flexible glass insulation— excellent bending and 
torming qualities. 


Improved adhesion prevents fraying or unraveling. 


Proven Qlass ““B” insulation. 


Daglas with silicone overbond meets Class ““H”’ 
requirements—makes Class “H”’ windings practical. 


DAGLAS WIRE 


Samples showing ends of conductors after elongation to breaking point. 
Note excellent adhesion and flexibility of Daglas. 


GLASS WIRE 


‘ 


- BORT WAYNE, INDIANA 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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with a practical purpose 


AMP Termashield Ferrules are now de- 














signed with color-coding for positive match- 


ing of conductor, ferrule and tooling. 


Colors follow RETMA Standards 


One-piece construction, multiple ground tap 
accommodation, control feature tooling, 
PLUS color-coding provide all the design 
advantages to minimize time and cost in 


Aircraft and Electronic Applications. 


Specify AMP Termashield for your shielded 


wire connection problems. 


Complete information is available on request. 


General Office: Harrisburg, Pa. 








Wholly Owned Subsidiaries: Aircraft-Marine Products of Canada Ltd., Toronto, Canada 
Aircraft-Marine Products (G.B.) Ltd., London, England 

Societe AMP de France, Le Pre St., Gervais, Seine, France 
AMP—Holland N. V. ‘s-Hertogenbosch, Holland 

Japanese Distributor: Oriental Terminal Products Co., Ltd., Tokyo, Japan 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





What 

magnet wire 
characteristics 
(do you need? 


The most important single element you choose for any 
piece of electro-magnetic equipment is the magnet wire. 
That’s why you have a right to demand that your magnet 
wire has exactly the properties you need. The need for 
better and better magnet wire—for use in General 
Electric equipment as well as yours—is the reason why 
General Electric introduced Formex*, the revolutionary 
film-type magnet wire, in the late 1930's; why the various 
types of high-temperature Deltabeston* wire were 
developed; and why, in 1955, Alkanex} magnet wire was 
announced—providing the industry with a film-type wire 
which would operate at copper temperatures up to 150 C. 

To meet your requirements—high temperature opera- 
tion, compactness, light weight, flexibility, economy— 
General Electric offers a complete line of magnet wire 
types, shapes, and sizes. 

Write General Electric Company, Wire and Cable 
Department, Section W188-122, Bridgeport 2, Conn. 


—- 








HEAT RESISTANCE —Formex has greater 
resistance to heat than ordinary enameled wire, and is 
recommended for Class A applications up to 105 C. Alka- 
nex raises limiting operating temperatures up to 150 C 
for motors and other types of electrical apparatus which 
require the compactness of a film-insulated magnet wire. 
Deltabeston, with either asbestos or glass insulation, has 
wide use in Class B applications for temperatures up to 
130 C. When impregnated with silicone varnish, Delta- 
beston meets the requirements of Class H applications— 
for temperatures up to 180 C. 
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LESS SPACE AND WEIGHT = Formex 
takes less space than fibrous-covered or fibrous-covered- 
enameled wire. Formex also saves weight because there 
are more feet per pound than in fibrous-insulated types, 
especially in the finer sizes where, for example, 15,000 
feet per pound of No. 37 Awg heavy Formex wire 
compares with only 11,600 feet per pound of enameled 
single-cotton. Alkanex, however, with its extremely high 
operating temperature can make the most of the space 
you allow for the winding and still take the extra heat. 
The higher limit makes possible lighter, as well as more 
compact, motors—since the use of Alkanex wire can 
increase a motor’s horsepower rating as much as 25%. 
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READER INQUIRY 


GOOD MECHANICAL PROPERTIES 
Formex has greater toughness and flexibility than any 
conventional type of enameled wire. Alkanex is similar 
to Formex in its high dielectric properties. It also has 
excellent abrasion resistance, chemical resistance, adhe- 
sion, and mechanical strength. For unsurpassed perform- 
ance where grease, oil, or corrosive vapors are present, 
Deltabeston is the choice—with either asbestos or glass 
insulation. 


MOISTURE RESISTANCE@=Formex and 
Alkanex are outstanding in two important factors most 
responsible for the influence of moisture on magnet 
wire: (1) resistance to moisture absorption, and (2) 
continuity of the insulating film. Properly treated insula- 
tion of both types is highly resistant to moisture absorp- 
tion. Toughness and flexibility maintain film continuity 
after winding. 


AVAILABILITY = Formex and Deltabeston are 


available in round, square, and rectangular shapes, and 
in a complete range of sizes. Alkanex is available in 
round size No. 13 Awg through No. 26 Awg with single 
and heavy-wall film thicknesses. Development of other 
sizes and shapes is under way. 


*Registered Trade-mark General Electric Company 
+Trade-mark registration applied for by General Electric Company 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SERVICE 


CARDS, 


PRECEDING 


BACK COVER 





COMMERCIAL GRADE 
POWER COMPONENTS 


CG power components are conserva- 
tively designed for long, continuous 
duty, life. Their rugged mechanical 
structure is matched by high insu- 
lation safety factors permitting 
250% applied voltage tests. 

Type 
No Application High Volt. DC Voit. DC ma. Filaments 


C6-301 Pilate 580-530-300-0 475/425/ 420 
-300-530-580 250 


~ 950-750-0-750-950 760/610 360 


3500-3000-2400-0 3000/2500 500 
-2400-3000-3500 2000 


‘C6-315 Bias Tapped for any DC voltage from 15 to 100 volts within 6%-250ma 
CG-422 Power 435-365-0 125 5V-3A, 5V-2A, 
& -365-435 6.3VCT-3A 
Bias 125-0-125 25 2.5VCT-5A 
C6-33—s Filament 2000V Test 500V working 6.3VCT-4A 
induct. Henries DC Resist. Test 
Type No. Application atrated DC ma. Ohms DC ma. Voltage 
Cé-40 Filter Choke 10 110 200 1750 
~ €G6-44 Filter Choke 30 400 100 1750 
~C6-48C ‘Filter Choke _ 50 _—_ lO 1750 


CG-302 Plate 
CG-308 Plate 


STEPDOWN 
TRANSFORMERS 


These autotransformers are a conve- 
nient means for adapting 110/120 
volt appliances to 220/240 volt cir- 
cuits. Units come with 6’ cord and 
female receptacle 


Type 
No. Application L w H 


“R-41—s=—s«sBS watt capacity | 2% 2% 3Y%e 


R42 ao 125 watt Capacity r a ie 34 
“R43 42~—SC=«<:S watt capacity a oe 3% 
~ R-44 250 watt capacity ee 3% 
R45 500 watt capacity |. 4% 3% 4% 


R46 ‘1200 watt capacity =»s—(és « O%/—<“(<Cé‘C SCC 
_R-64 2500 watts, no cord 104 4% 6% 


COMMERCIAL GRADE 
AUDIO COMPONENTS 


UTC CG audio units provide = reliabil- 
ity at moderate cost. Units are compound 
sealed in rugged drawn cases and cover all audio 


ications from hum bucking units to 
Heh level modulation transformers. 


Type No. Application _ Pri. imped. _ 
CG-131 interstage, 1 plate to 1 grid 15,000 
CG-132 interstage, 1 plate to 2 grids 15,000, 
€6-134 input, line to 1 grid humbucking 50, 200, 500 
CG-137 Mixing : 50, 200,500 
CG-140 - Level Output, Triode plate ~—‘15,000 


eee 
135,000 3:1 ratio 
~ 135,000 CT 3:1 ratio overall 


CG-18 Output, 6V6, Triode:6L6, 5881  6,000/10,000 


120 max 
CE-216 Output, 6L6's, ABI, 5881 9 
wT eo. ge 
CVP-1  Varimatch outputs for PA. 3000, 5000, 6000, 
12 watts 8000, 10,060, 14,000 


‘CVP-2 ~~ Varimatch output for P. A. 3000, 5000, 6000, 
30 watts 8000, 10,000, 14,000 


CVM-0  Varimatch modulator, 12 watts 500 to 20,000 


RUGGED, RELIABLE TRANSFORMER COMPONENTS FOR 


INDUSTRIAL 
APPLICATIONS 


LINE VOLTAGE ADJUSTERS 
WITH METER 


The perfect answer to abnormal or fluctuating line 
voltage. Adjust switch so meter reads at red line and 
you know your equipment is working at correct volt- 
age. 


x Primary Voltages Volts 


R-78 60, 70, 80, 90, 100, 110, 120, 130, 140 
R-78 60, 70, 80, 90, 100, 110, 120, 130, 140 
60, 70, 80, 90, 100, 110, 120, 130, 140 
R-81 60, 70, 80, 90, 100, 110, 1 
160, 170, 180, 190, 200, 210 , 230,240 230 
160, 170, 180, , , 230 
160, 1 240 
160, 170, 


SS) > ale) ee) = 


ISOLATION 
TRANSFORMER 


Excellent units for isolating line 
noise, AC-DC sets, etc. Full elec- 
trostatic shielding . . . 6’ cord 
and female receptacle. 


Type ’ Wet. 
No. Rating L H Lbs. 
“R72. ~=«40 watts 2% 25% 3% 
“R73 ~+~«100 watts. 3% 3% 3% 
“R74 #Q50watts ..4% # # 3% #4% # #412 
“R75 ~ 600 watts n.lUlUCCeeeCOOtCU 
“R76 1200watts 8% 4%2 #£45% 30 
“R77 2500 watts 12 ae 70 
(no-cord) 


SPECIAL UNITS TO YOUR NEEDS...SEND US YOUR SPECS., FOR PRICES. 


UNITED TRANSFORMER CoO. 


150 Varick Street, New York 13, N. Y. + EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB” 
PACIFIC MFG. DIV.: 4008 W. Jefferson Bivd., Los Angeles 16, Cal. 








Here are samples of A-B quality limit switches—a line so 







complete it will satisfy your every requirement! 


OILTIGHT 


Bulletin 802T—For high-speed production 
machines. Sealed to protect the switch 
against oil and coolants. 


GENERAL PURPOSE 


Bulletin 801 —Standard or heavy-duty 
rating, with roller, push type, or fork 
lever action, and slow or 

snap action contacts. 


Bulletin 803 Cam Limit 
Ta rT t-Bu cod folie 
machines to open and close 


PRECISION 
- circuits at any desired 


a Bulletin 802—For applications where 
angular position. J : 
me -\ mounting space is small and operat- 
aa we . 


a pow - ing motion is measured in 
ALLEN-BRADLEY oon of nc 
. ay, 


= ; 1-57-MR 
Sate 
a an 






Allen-Bradley Co., 1316.8. Second St., Milwaukee 4, Wis. @ In Canada—Allen-Bradley Canada Ltd., Galt, Ont. 





190 Varick Street, New York 13, N. ¥. + EXPORT DIVISION: 13 E. 40th St., New York 16, N. Y. CABLES: “ARLAB” 
PACIFIC MFG. DIV.: 4008 W. Jefferson Bivd., Los Angeles 16, Cal. 



















PHASE FAILURE 
AND PHASE 
REVERSAL RELAYS 


BULLETIN 812 


Style A disconnects 
motor if one phase of 
power circuit fails. 
Style B protects 
against phase rever- 


PILOT CONTROLS? 
N 


bree Visi dal 123 
To cee eds: 






sal, as well. 
No matter what your needs for pilot 
control devices may be... refer to 
the new Allen-Bradley “handy” catalog OILTIGHT PRESSURE 
... you will usually find what you PUSH BUTTON CONTROLS 
are looking for. If not, please write STATIONS BULLETIN 836 


Milwaukee, or contact your nearest 
Allen-Bradley representative. 


For noncorrosive liq- 
vids, vapors, gases, 
from 30 in. of vacuum 
to 700 psi. Accurate, 
rugged, compact, and 
attractive appearing. 


BULLETIN 8OOT 


For machine tool ap- 
plications, to keep oil 
away from the con- 
tacts. Available in 
flush,surface, or pend- 
ant mounting. 


All pilot controls are made to 
Allen-Bradley standards of quality. 
All of them have silver alloy contacts 
that require no service attention. 
You'll find it saves service time 

and money to specify Allen-Bradley. 





PLUGGING TIMING TEMPERATURE 
SWITCHES RELAYS CONTROLS 
BULLETIN 808P BULLETIN 849 BULLETIN 837 
Used with a simple re- A reliable and accu- For temperatures from 


versing switch, it pro- 
vides quick, automatic 
stopping of machines 
driven by squirrel 
cage motors. 


FOOT SWITCHES 
BULLETIN 805 


For operating punch 
presses, riveting, weld- 
ing, and many other 
machines. Switch has 
snap acting, normally 
open and normally 
closed silver alloy 
contacts. 


ROTARY 
SWITCHES 
BULLETIN 806 
Cam operated switch- 
es for the selection or 
transfer of various 
control circuits. Silver 
alloy contacts. 


1-57-MR 











rate pneumatic timer 
with a range of 1/6 to 
180 seconds. Many 
arrangements. Motor 
driven, electronic and 
oil dashpot timers 
also available. 


ZERO SPEED 
SWITCHES 
BULLETIN 808 

A plugging switch that 
brings squirrel cage 
motors to zero speed 
quickly, without any 
reversal of direction. 


PN De 


Allen-Bradley Co., 1316S 


















Second St 


—45°F to 440°F. 
Metal bellows oper- 
ates snap action pre- 
cision switch with pure 
silver contacts. 


FLOAT SWITCHES 
BULLETIN 840 


Provide automatic 
control for motors op- 
erating tank or sump 


pumps. 











Milwaukee 4, Wis 


In Canada—Allen-Bradley Canada Ltd., Galt, Ont 





PRESSURE 
SWITCHES 
BULLETIN 830 


For domestic water 
pumps, and commer- 
cial and industrial air 
compressors. 


i} 


Send for the new 7th 


Edition of the Allen- 


Bradley Handy Catalog 


It is a veritable 


encyclopedia of 


reliable motor control 
















Oil Circuit Breaker Leads 





are Insulated 
and Protected 





























This Federal Pacific Electric Type AJ-54 
heavy duty oil circuit breaker, 69 kv, 2000 
amp, has a 5000 mva interrupting rating. 
Interrupting time is 5 cycles with 20 cycle 
reclosing. Natvar seamless bias cut var- 
nished cambric is used to insulate the 
current transformers located around each 
bushing, and the leads from the trans- 
formers to the operating control mecha- 
nism. Notvar 400 extruded viny! tubing is 
also used to protect the conductor between 
, the expulsion chamber and the resistors. 


Coanlon 





Tis Pacific Switchgear Division of the Federal Pacific 
Electric Co., San Francisco, now celebrating its 50th anniversary, 
manufactures oil circuit breakers to provide protection for large high 
voltage systems so they may keep pace with rapid load growth, and yet 
retain the advantages of simplified bus schemes and minimum use of 


current limiting devices. 


Both design and materials play an important part in reliability of per- 


formance. Natvar flexible insulating materials are used because of their 
Natvar Products 


excellent physical and electrical properties—partic ularly their resistance 


® Varnished cambric—cloth and tape F b : E 
> Steen’ uncut to oil—and their exceptional uniformity. 
© Vesnishod otk end special cuyen Where performance of electrical apparatus and equipment is important, 
@ Varnished—Silicone coated Fiberglas ‘ 
© Varnished papers—rope and kraft it pays to specify Natvar flexible insulations. They are always of uni- 
© Slot cell combinations, Aboglas ® formly high quality, whether supplied from your wholesaler’s stock or 
® Isoglas® sheet, tape, tubing and di f ; 

sleeving irect [rom our own. 
@ Vinyl coated—varnished—lacquered 

tubing and sleeving 
® Extruded vinyl tubing and tape N A T VA R ¢ @] ee pp oO ie AT i ON aa 
® Styroflex® flexible polystyrene tape 

Extruded identification markers 


FORMERLY THE NATIONAL VARNISHED PRODUCTS CORPORATION 
TELEPHONE CABLE ADDRESS 
FULTON 8-8800 NATVAR: RAHWAY, N. J. 


207 RANDOLPH AVENUE @ WOODBRIDGE, NEW JERSEY 


Ask for Catalog No. 23 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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What do Machine Builders like most about 
SQUARE 'D’s New Machine Tool Relays ?... 
SMALL SIZE! 


_ <a 


No wonder the welcome mat is out for 
these new 10-ampere, 600-volt relays. You've 
always had a warm spot in your heart for 
COMPACTNESS...and here it is! Let the dimen- 
sions speak for themselves— 

2-pole Type DO-22 (at left) 
measures 3%¢" high x 25%" widel 
4-pole Type DO-42 (below) 
measures 3!" high x 2'%«" wide! 
But that isn’t all. You take these relays apart, 
in 20 seconds, from the front. No “tear 
down” space is needed—absolutely none! 


Class 8501 
Type DO-22 


Small size isn't the only reason 
machine tool builders welcome these 
new relays. Anything that’s good for 
their customers is good for them—so 
they're not overlooking advantages 
like those shown on the opposite page. 
After all, there’s something mighty 
satisfying about the customer’s nod 
of approval when he sees the time- 
proven {D) nameplate on the relays 
that help control his new machine. 


Class 8501 
Type DO-42 


now...EC&M propucts ARE A PART OF THE SQUARE D LINE! 


SQUARE J) COMPANY 
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And these &. Advantages 
make real sense to the 
men who BUY and USE the machines! 


4 


NO MOUNTING WORRIES * OUTSTANDING 


When more contacts are required, the 4-pole PERFORMANCE 
relay (DO-42) can be substituted for the 2-pole 


( DO-22). Both have identical base plates. 


Balanced construction reduces 
wear on single moving part... 
results in long life and safe- 
guards against down time. 


< RESISTS 

DAMAGE 

Plastic impregnated 
molded coil is un- 
breakable, operates 
cooler, is dimen- 
sionally stable and 
impenetrable by 
water and oil. 


20-SECOND 
DISASSEMBLY 
Simply loosen two 
screws and the en- 
tire device is dis- 
assembled for nor- 
mal maintenance. 


Packaged Parts Kits make normal 
maintenance easier than ever. Any way you 
look at it, these new relays are tops. Small in size— 
long on features.and performance. 


For the complete story, write for Bulletin 8501. 
Address Square D Company, 4041 North Richards St., 
Milwaukee 12, Wisconsin. 
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100,000 Hour Life Expectancy 




























Manufactured to the 


HIGHEST STANDARDS 
OF RELIABILITY IN 


THE INDUSTRY ! 


Unlimited 
sizes 
and types — 
pressed 
powder 
or vacuum 
processes 


100% Functional Test 


Quality Control Samp 


RIQAP 


Quality Audit 


SELENIUM POWER RECTIFIERS BY 


International 


Widest Range in the Industry Over 75% of America’s foremost users of Power Rectifiers 
Selenium and Germanium specify International! You can depend on International's broad 
Power Rectifiers experience and versatile manufacturing ability to provide the 
Diodes — Cartridges and : _- 
Photovoltaic Cells most practical answers to your rectifier problem. A complete 
Applications Advisory Department is available to quickly deter- 
mine the right rectifier for your product; the right manufacturing 
process to assure you superior, trouble-free performance. A wire, 
letter or phone call will bring you an immediate and experienced 
recommendation for your rectifier application. 





A WORLO OF DIFFERENCE 


international Rectifier 


Soe wo oe ae A Se 


EXECUTIVE OFFICES: EL SEGUNDO, CALIFORNIA * PHONE OREGON 8-6281 











NEW YORK: 132 E. 70TH ST., TRAFALGAR 9-3330 * CHICAGO: 205 W. WACKER OR., FRANKLIN 2-3889 

















1N CANADA: ATLAS 





RADIO CORP., LTO., 50 WINGOLD AVE. W 





, TORONTO, ONTARIO, RU 1-6174 














THE WORLD’S LARGEST SUPPLIER OF INDUSTRIAL METALLIC RECTIFIERS 
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There’s a Good Reason why 


ZINC Die Gstines 


are so widely used | 


...at HOOVER 
eee IT’S 


kis 


The straight die casting (at top) is put into production without any 
machining. The bristles are fastened in place and the forming 
operation twists the bar to the proper curvature for installation on 
the agitator. 


i 


DUCTILITY 


Design engineers at The Hoover Company found 
that DUCTILITY provided the necessary answer 
to their problem of using ZINC Die Castings in the 
agitator of the upright electric vacuum cleaner. 

Because of the helical contour of the brush, the 
metal back could not be die cast to the required 
shape since the anchoring holes for the bristles 
would not be parallel to the motion of the die. The 
problem was neatly solved by a die caster who 
knew how to use the exceptional qualities of ZINC 
Die Castings. 

The brush backs were cast straight, the bristles 
anchored in the holes and the castings were then 
cold formed approximately 115° to give the neces- 
sary helical contour. Even with the extra forming 
operation, die casting proved to be the most eco- 
nomical method of production since no machining 
was necessary. 

Ductility is just one of the many physical and 
mechanical advantages that make ZINC Die Cast- 
ings so widely used by manufacturers who want 
the best product with lowest costs of parts and 
assemblies. 


The research was done and the Zamak die casting alloys were developed with 


HORSE HEAD SPECIAL ( uniform Qvairy ) ZINC 
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DESIGN SOLUTIONS with G-E 


NOW SHADED-POLE FAN MOTORS 
USED ON MANY LABOR-SAVING 
DEVICES SUCH AS GLASS WASHERS. 


SHOE BUFFERS, BUTTER CHURNS 


SHADED-POLE MOTORS--LONG KNOWN AS SMALL,LOW COST morTors For FAN 


AND BLOWER APPLICATIONS--ARE NOW USED IN A MYRIAD OF 
ADDITIONAL APPLICATIONS. GENERAL ELECTRIC PERMANENTLY-LUBRICATED 


SHADEO-POLE MOTORS HAVE MANY FEATURES WHICH MAKE THEM 
oesiras.e--SUPERIOR VENTILATION-- MOUNTING FLEXIBILITY-- 


SMALLER DESIGN--ALL-ANGLE OPERATION-<cnoice OF OPEN, TOTALLY 


ENCLOSED OR TOTALLY ENCLOSED FAN-COOLEO MODELS--RATINGS 1.5 


WATTS =~ Ya HP. TYPICAL APPLICATIONS ARE ELECTRIC SHOE 
BUFFERS FOR THE HOME AND OFFICE-- BUTTER CHURNS--DISH ANO 
GLASS WASHERS IN RESTAURANTS ~~ SANDERS--AQUARIUM AIR 
ANO WATER PUMPS--SUMP PUMPS--ANO MANY OTHERS. 


AIRLINERS COOLED BY HERMETIC 

MOTOR PARTS LESS THAN 6¥2 INCHES 

IN DIAMETER-- 25 HP DELIVERED 
CONTINUOUSLY AT 23,500 RPM. 


HERMETIC MOTOR PARTS WITH DIAMETER OF ONLY 65/16 
INCHES WEIGH ONLY 18 POUNDS-=-- ver veciver 
25 HP CONTINUOUSLY AT A SPEED OF 23,500 RPM/ 
DESIGNED TO POWER AN AIRBORNE COMPRESSOR, THESE PARTS- 
STATOR, ROTOR AND SHELL- ARE COOLED BY FREON CIRCULATING 
THROUGH THE SEALED PARTS. THE COMPACT TWO-POLE, 400-CYCLE 


CONSTRUCTION MAKES POSSIBLE A CONTINUOUS 25 HP RATING. 








specialty motors 


QUIET, COOL-RUNNING G-E 120 
60 HP MOTOR VIBRATES ELECTRONIC 
\ ORGAN REEDS, ELIMINATES GEAR UNIT | 


ORIGINALLY, WURLITZER CO. ENGINEERS USED A MOTOR AND UG 
IN A SOUNDPROOF HOUSING TO POWER A BLOWER WHEEL FOR (/» 
VIBRATING ORGAN REEDS. BUT BY SWITCHING TO A G-E XG Sd 
3450-remM VY20 HP SMALL INDUCTION MOTOR, THEY oon 
WERE ABLE TO ELIMINATE THE GEAR UNIT ENTIRELY. 
ALSO, THE EXTREME QUIETNESS OF THE COMPACT 
LITTLE MOTOR ENABLED THE ORGAN DESIGNER TO MOUNT 
THE MOTOR OUTSIDE OF THE SOUNDPROOF HOUSING/ é 


AFTER THE MOTOR-POWERED BLOWER STARTS 
REEDS VIBRATING, THE ORGANIST TOUCHES KEYS 

AND A METALLIC PICK-UP ARM FEEDS VIGRATIONS INTO 
AN ELECTRONIC SYSTEM TO THE AMPLIFIER. 

THE Resuct: SOFT ELECTRONIC MUSIC WITH 

’ THE HELP OF A G-E MOTOR/ 


Pee 


AVANABLE: COMPLETE FHP MOTOR ENGINEERING ASSISTANCE FOR YOU / 


MERE'S THE SPECIAL ATTENTION YOUR SMALL-MOTOR PROBLEMS GET AT G.E. 
| és 





YOUR LOCAL G-E APPARATUS HE CALLS A TEAM OF AT THEIR DISPOSAL ARE IN SHORT ORDER 
SALES ENGINEER FACTORY ENGINEERS G.E'S COMPLETE A SAMPLE G-E MOTOR 
LEARNS ALL ABOUT WITH YEARS OF MOTOR DEVELOPMENT AND 1S READY FOR TESTING 
YOUR MOTOR NEEDS APPLICATION EXPERIENCE TESTING FACILITIES ON YOUR PRODUCT 


FOR THIS COMPLETE HELP, CONTACT YOUR NEARBY G-E APPARATUS SALES OFFICE TODAY. 
WRITE FOR FREE BULLETINS COVERING G-E EQUIPMENT DESCRIBED IN THIS AD 
TO GENERAL ELECTRIC CO, SECT. 632-6, SCHENECTADY 5,N.¥. 


Progress Is Our Most Important Produet 


GENERAL @@ ELECTRIC 























DATA FOR 


17 NEW TUBES FOR 
SERIES-STRING TV DESIGNS 


RCA now offers a comprehensive line of tube types espe- 
cially useful in TV receivers utilizing 450-milliampere 
series-heater strings. The heaters all have 11-second 
warm-up time to minimize voltage unbalance during start- 
ing. All types have heater-cathode voltage ratings suffi- 
ciently high to insure dependable performance in series- 
string circuitry. 
























4AU6 GAM8-A 6CQ8 8CG7 

4CB6 6AQS-A 6CZ5 8CM7 

40T6 GAT8-A 6U8-A 17AX4-6T 

5BQ7-A 6CG8-A 8AWB-A 17BQ6-GTB 
17DQ6-A 


Chart listing these types, their prototypes, and heater- 
cathode voltage ratings available on request. 


DEFLECTION-AMPLIFIER 
TUBES FOR 110° 
SYSTEMS 


RCA-6CZ5 for vertical deflection; RCA- 
6DQ6-A and -12DQ6-A for horizontal 
deflection...these types are beam- 
power tubes for service in TV receiver 
designs utilizing the new short pic- 
ture tubes having diagonal-deflection 
angles of 110°. Internal structures 
are designed to provide for maximum 
distribution of heat in order to pre- 
vent ‘“‘hot spots’ on the plates and 
to allow “‘cooler’’ operation of the 
grids—resulting in long life. RCA- 
6CZ5 has a 6.3-volt, 0.45-ampere 
NEW MINIATURE TRIODE-TETRODE heater; RCA-GDQ6-A, a 6.3-volt, 1.2- 
ampere heater; and RCA-12DQ6-A, a 
12.6-volt, 0.6-ampere heater. The 
heaters of these types have the same 
controlled warm-up time to minimize 
RCA-6CQ8 ... enables flexibility in circuit design voltage unbalance during starting in 


for VHF and combination VHF-UHF TV tuners! series-string TV applications. 














































a 


h oy 
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Containing a medium-mu triode and a sharp-cutoff tetrode—with an 
internal shield to prevent electrical coupling between the two units— 
RCA-6CQ8 may be used in a combination of applications in color, and 


black-and-white TV receiver designs. It is especially useful as a com- New AF TRANSISTOR PROVIDES HIGH 

bined oscillator and mixer tube in tuners of receivers utilizing an inter- POWER GAIN AT LOW DISTORTION 

mediate frequency of 40 Mc. The triode unit is also useful as an rf AND WITH HIGH EFFICIENCY 

amplifier, phase splitter, sync clipper and sync separator. The tetrode 

unit is also useful as a sound or video-if amplifier tube. RCA-2N270 ...an hermetically sealed, alloy-junction tran- 
The tetrode unit features a plate-current characteristic with a sharp sistor of the germanium p-n-p type...is designed espe- 


: ; c ‘ : : cially for use in large-signal audio-frequency circui 
knee. This enables mixer operation with good linearity at relatively low aaaiaaibens in Seathinemadietameete ratio crit Sle. 


plate voltages. Low grid +1-to-plate capacitance minimizes feedback graphs, and battery-operated communications equipment. 
; : : : In class A service, one RCA-2N270 can deliver a maxi- 
roblems; , 
problems; low output capacitance permits the use of a high-impedance mum-signal power output of approximately 60 milliwatts 
plate circuit with resultant increase in mixer gain. with a power gain of 35 db. In push-pull class B service, 


Additional features of special interest to designers are: separate two 2N270's can deliver a maximum-signal power output 


. . : : aan aie of approximately 500 milliwatts with a power gain of 32 
cathodes—adding to circuit design flexibility, and. 450-milliampere db. Low collector saturation current pueantta es of af 


heater with controlled warm-up time for series-string circuits. Write _ een e can operate under varying ambient tem- 

. perature conditions and, at the same time, provides both 
for technical data. high efficiency and a high degree of operating stability. 
Current transfer ratio of 2N270 is nearly constant over 
the full range of the output-signal swing, even when the 
peak output-signal current reaches the peak collector 
current rating. This feature minimizes distortion at high 
power outputs when low supply voltages are used. 
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NEW HALF-WAVE MERCURY-VAPOR 
RECTIFIER TUBES FOR HIGH-VOLTAGE 
HIGH-CURRENT POWER SUPPLIES 


RCA-6894 and RCA-6895... specifically for use in high-volt- 
age rectifier circuits designed to supply dc power with good 
regulation to broadcast transmitters and industrial equip- 
ment. Alike except for their bases, these new types are 
capable of withstanding a maximum peak inverse anode 
voltage of 20,000 volts. Each type can deliver a maximum 
peak anode current of 11.5 amperes and a maximum average 
anode current of 2.5 amperes in quadrature operation. Six 
of either type in a series, three-phase quadrature circuit 
can supply up to 143 Kw, at a dc output voltage up to 19,000 
volts. Ratings are such as to make them companion tubes to 
RCA-5563-A mercury-vapor thyratron. RCA-6894 and RCA- 
6895 are unilaterally interchangeable with RCA-575-A and 
RCA-673, respectively. 


NEW TV CAMERA TUBE 
OPERATES ON ILLUMINATION 
AS LOW AS 0.00001 FOOT-CANDLE 


RCA-6849... image orthicon de- 
signed especially for use in indus- 
trial, military, and scientific-re- 
search applications... combines 
extremely high sensitivity with 
spectral response approaching 
that of the human eye. RCA-6849 
incorporates the new Micro-Mesh 
750-line screen which enables in- 
creased picture detail and con- 
trast, and eliminates moire and 
beat-pattern effects. 


For sales information on any of the RCA 
products shown, please contact the RCA 
District Office nearest you: 


PREMIUM TUBES—FOR DESIGNS REQUIRING 
DEPENDABLE AND UNINTERRUPTED OPERATION 


RCA “Premium” Quality tubes are especially designed for use in military and critical indus- EAST: HUmboldt 5-3900 

trial applications requiring dependable performance where shock and vibration is a prime 744 Broad Street 
consideration. “Premium” tubes are subjected to many special tests during manufacture in- Somes 3.0 8. 
cluding those for shock, fatigue, low-frequency vibration, glass strain, and heater cycling to MIDWEST: WHitehal! 4-2900 
minimize possibilities of early-hour failures. The following tubes have been added to the Suite 1181 
comprehensive line of “Premium” tubes offered by RCA. Merchandise Mart Plaza 


Chicago 54, Ill. 
RCA-6)4-WA... designed to meet the military specification Mil-E-1/619-B dated 1/28/55 is a 


high-mu triode of the 7-pin miniature type with a heater cathode—for use in cathode-drive 
circuits at frequencies up to about 500 Mc. 


RAymond 3-8361 
6355 East Washington Bivd. 
Los Angeles 22, Calif. 


RCA-OA2-WA, RCA-0B2-WA...are voltage-regulator tubes of the 7-pin type. The OA2-WA is 
designed to meet the military specification Mil-E-1/290A dated 7/16/54; the 0B2-WA, Mil- 
E-1/291 dated 7/9/53. 


Technical bulletins are available for the 


RCA-5636, RCA-5636-A...are sharp-cutoff pentodes of the subminiature type having flexible 
leads for use in gated amplifier circuits, delay circuits, gain-controlled amplifier circuits and 
particularly in mixer circuits operating at frequencies up to 400 Mc. Small in size, light in 
weight, and capable of operating at low supply voltages these tubes are especially well 
suited for use in mobile and in compact portable equipment. May be operated at altitudes 
up to 60,000 ft. without pressurized chambers. The 5636 conforms to the requirements of 
the applicable Mil specifications. The 5636-A conforms to the requirements of the applicable 
USN specification. 


types shown on the coupon. Circle those 
types on which you want data and send 
the coupan to RCA Commercial Engineer- 
ing, Section A54R, Harrison, N. J. 


Chart of 450-ma Series-String Tubes 
6cas 12DQ6-A 6849 
6CZ5 6894 5636 
6DQ6-A 6895 5636-A 


NAME 


COMPANY 


RADIO CORPORATION of AMERICA His 


POU TRS eee Semiconductor Division, Somerville, N. J. 
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Mallory Motor Starting Capacitors 


give Years of Trouble Free Service 


Ask the engineers who design motors—ask starting and cut-out timing—and rugged, 
those who build them—ask the men who plastic-cased, moistureproof construction. 
design motors into equipment assemblies— . ; 
e ; — Mallory offers these motor starting capacitors 
or ask the service engineers . . . they can all ; 
' : in a broad range of standard types. If your 
tell you that Mallory motor starting capac- : : : 
; problem is one of special requirements, call 
itors are tops for any job. : : ; ; S 
on Mallory’s engineering design service 
Mallory is the world’s largest manufacturer _for assistance. 
of these capacitors. Their reputation in the 
motor field has been built on delivering years * Like to have a copy of Mallory’s booklet— 
of trouble-free service—the kind that saves = “Electrolytic Motor Starting Capacitors”? 
their customers the expense and embarrass- ge it Sean e ee ee of the 
° . ee nstruction and a ication mot 
ment of field failures. Mallory capacitors — etek. - ike eee 
E : : . & starting capacitors. Write, or ask the Mallory 
offer longer operating life—indefinite shelf 


, . ; : 2s representative for a copy of Bulletin 
life— precise capacity for high-torque #* 4-21.—It’s free. 


Expect more...get more from 


Serving Industry with These Products: 


.R. RY & CO. inc 
Electromechanical — Resistors * Switches * Tuning Devices * Vibrators . ATI w 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts © Special Metals * Welding Materials es 


Parts distributors in all major cities stock Mallory — 


standard components for your convenience. P. R. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 
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From 5 basic models you get 10 standard relays 
with the new CLARK Type “PM’ Relay line 


SECTIONAL POLE CONSTRUCTION —a new design concept for relays 

— provides units with 2 to 12 poles, with the greatest variety of combinations 

and pole arrangements available in an integrated 10-ampere line, and with 

a minimum of different parts to stock. Extra poles are available in kit form 

The 5 Basic Models —assembled either normally open or closed. Coils and complete magnet 
‘ : assemblies are also available in kit form. Stocking of coils is simplified since 


one coil for a given voltage will handle any combination of 2, 3 or 4 poles 
normally open or closed, and for larger relays is correspondingly simple. 


By removing one or two poles, 
the standard 4-pole unit be- 
comes a 2 or 3-pole relay. 


’ i ta lealels Yo! el i | kk By adding 2 poles next to 

No. 5U-6 , a magnet, the standard 6-pole 
relay becomes an 8-pole unit 

Basic ak — ' a —the first 8-pole relay avail- 
6-Pole | ' wr a 3 . able for single deck wiring. 


No. 5UK-8 


Basic “se ae ey : ir By removing 2 poles from the 
2 F oe ee double-decked 8-pole relay, 

8-Pole : 3 : ‘i you get an alternate 6-pole 
of double-deck construction. 


6-POLE 8-POLE 
Double - decked Double-decked 


No. 5U-12 


Bas : a eee With 2 poles removed, the 12- 
ic digs AEE eres 7 ; at Pa a : pole unit becomes the standard 
12-Pole ry i dh ei | 10-pole relay. Both have iden- 
: ; Py) ak tical mounting dimensions with 

NEMA standard size | starters. 


10-POLE 12-POLE 


No 5UK 2 4 2-POLE “SPACE SAVER”—a special purpose relay designed exclusively to 

. “ , meet small or unusual space requirements. Overall height less than 3 inches. 
2-Pole Write for 8-page illustrated Bulletin PL-7305 for complete 
information on this revolutionary new line of heavy 
duty relays. Or contact your nearest Clark Distributor. 


le CLARK € CONTROLLER Company 


Everything Under Control lh 1146 East 152nd Street » 8 —E 10, Ohio 


IN CANADA: CANADIAN CONTROLLERS,LIMITED ¢ MAIN OFFICES AND PLANT, TORONTO 





Compact Westinghouse present-day Clostemp All-metal base fully protects heavy current- 
is unique, being actually 27% smaller than carrying parts from dust and dirt. Aids fast 
competitive makes—yet it combines all im- temperature response of Tri-snap design, 
portant operating advantages. Bi-metal element (arrow). 





AHEAD... 


hot water held to +' 


TODAY’S Westinghouse Clostemp thermostat 
brings high accuracy nearer 


Tomorrow you may need unusually accurate thermostatic control of hot water: example, for 
a small, kitchen service unit holding water just 14° below boiling. How long will it take? 
How much will it cost to develop such accuracy? Westinghouse is extremely near in the 
higher accuracy of the Clostemp thermostat. 


Tri-snap® design of the thermostat’s Bi-metal element provides positive make and break, 
without creeping, for fast temperature response. After accelerated life testing, equal to more 


than 17 years under full load, the Clostemp showed only a 3° F maximum water tempera 
ture variation. 


For today’s problem or tomorrow's new idea Westinghouse saves you time and dollars in 
selecting or developing a complete package of heaters and thermostats. It’s a result of 
Westinghouse exclusive Therm-a-neering® for continued improvement in product design 
and performance, Call your local Westinghouse sales engineer for help on all, or any part 


of your heating problem; or write, Westinghouse Electric Corporation, Industrial Heating 


Division, Meadville, Penna. *Trade-Mark 
J-10458-A 


you CAN BE SURE...IF Westinghouse C): 


FREE DESIGN FACTS 


Please send me more Therm-a-neering facts in booklet, B-5937, and the 
following Design Facts Sheets: 


Number Number 
Corox immersion heater 7 Clostemp thermostat 8 
| Wrap-around heater 9 Limitemp thermostat 5 


Name 
Company 
Address 
City_ 
Solving any water heating problem, Westinghouse offers 
a complete line of heaters and thermostats including: 


Corox® immersion heaters, wrap-around heaters, Clos- 
temp and Limitemp* thermostats. 
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This Allis-Chalmers 450 hp, 1200 rpm motor 
with its “Silco-Flex” insulation system is the 
first large motor with all-silicone-rubber 
ground insulation. Both motor and gener- 
ator coils can be completely encased in Silastic. 


Fans! 
bes se 


a 


CHLASTIL em : ‘i ct 500 F 


A tape made from Silastic*, Dow Corning’s silicone rubber, 
retains full dielectric strength despite repeated exposure to tem- 
peratures ranging from —100 to 500 F. The silicone rubber tape 
forms a resilient jacket combining high thermal conductivity with 
Get latest data on Silastic extraordinary resistance to abrasion, moisture, corrosion, ozone 
and certain oils . . . offering the ultimate reliability under many 
Mail coupon today adverse conditions. Various Silastic tapes are available from 
3 leading rubber fabricators and electrical distributors. 
Dow Corning Corporation, Dept. 4513 


charter Typical Properties of Silastic Tape 


Please send me latest data on Silastic Temperature range, °F —100 

Tensile strength, psi 600 

Elongation, % 150 

Insulation Resistance, megohms/1000 ft. 1000 
Dielectric strength, volts/mil 300 

ADDRESS 5 _ : : 

Dielectric Constant, 10° cycles per 

second, nominal 3.2 





COMPANY 





lf you consider ALL the properties of a silicone rubber, you'll specify SILASTIC. 


first in silicones Wea 


Neeiiae DOW CORNING CORPORATION © MIDLAND, MICHIGAN 
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Miniature screws aid standardization of small devices 


Tiny close-tolerance 
Unbrako screws available 
in standard sizes 


New economies in the design of space- 
Saving miniature equipment are pos- 
sible with these UNBRAKO miniature 
socket head cap screws. Manufactured 
to timepiece precision, available local- 
ly, they save the costly necessity of de- 
signing special screws to fasten tiny 
parts in compact units. They’re ideal 
for use in typewriters, calculators and 
computers, servomechanisms, elec- 
tric and electronic equipment—and in 
countless other small, intricate devices 
where maximum reduction in bulk 
and weight is required with no sacri- 
fice in strength of individual com- 
ponents or assemblies. 

Fingers grip the knurled heads on 
these tiny screws positively for easy 
handling and fast assembly. Uniform 
hex sockets assure maximum wrench- 
ing torque. Controlled fillets under 
the heads prevent shearing of the 
heads. Threads are fully formed for 
maximum strength and exact fit. Ex- 
tremely accurate head diameters per- 
mit their use in countersunk holes, 
saving weight by reducing the length 
of the screw required and making 
flush designs possible. 

These standard UNBRAKO miniature 

pr . : screws are available at your author- 
HEAT-TREATED Tt — ized industrial distributor’s. See him 
ALLOY STEEL C) . ' ees today..Or write us for Bulletin 2055 
QZ Ce and samples. Unbrako Socket Screw 
Class 3 Fit Standard a Division, STANDARD PRESSED STEEL 
meaciciiatalintetnn Co., Jenkintown 9, Pa. 
Diameter Threads per Inch Torque in Inch-Pounds Weight per 1000 
NC NF Length NC NF in Pounds 

.104 80 Ye 
.060 80 Ve 
.060 80 Ya 
.050 80 % 


.118 72 Ye 


Standard UNsRAKO miniature socket head cap screws are available in 
sizes # 0, #1, # 2 and # 3, in heat treated alloy steel or stainless steel, at your 
authorized industrial distributor's. Standard lengths range from Ye to 2 in, 


152 Standard Screws are threaded 
.182 to the head. Special materials, 
210 lengths, and threaded lengths 
265 are available. One “High-Titan” 
UNBRAKO hex key is included with 
.27 each package of 100 screws. 

.073 72 Ye 


won 
.073 Tm “Us ae 
.050 72 ¥y j 47 
.140 He ‘ 42 UNBRAKS 
.086 “ ‘ .50 
.086 ¥y # .58 SOCKET SCREW DIVISION 
Yeo WV, i 70 


A .161 He . Je 
B .099 “ . 70 
D .099 Ye ° 81 
F %a Ya ’ 1.03 


ww 9 W) NNN 
Anan ooroo 


TOMY! TORT \P/ TOF > 


STANDARD PRESSED STEEL CO. 


JENKINTOWN PENNSYLVANIA 
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SMALLER DIAMETER and shorter 
length of this new motor make it 
possible to design compact, better 
looking, more salable products. Also 
speed installation, cut shipping costs 
and stocking space requirements. 
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MOUNTING CONVENIENCE — 
choice of either flush mounting with 
extended through-bolts (2, 3, or 4) or 
resilient mounting—helps solve design 
problems. Bearing construction 
permits all-angle operation. 


PRECISION BRACKETS of heavy- 
gauge, drawn steel reduce motor length 
... provide quieter operation and 
longer life. Flat, circular area 
around through-bolts makes flush 
mounting possible—much easier. 


NEW LUBRICATION SYSTEM 
with larger oil capacity circulates oil 
through filtering wicks... assures 
positive oil film between bearings 
and shaft plus quieter, cleaner, 
cooler—more economical—operation. 


New motor goes on a diet to help 
streamline your products 


More compact Westinghouse shaded-pole motor 
designed for today’s modern air-moving equipment 


Here, in a compact package smaller in diameter than conventional designs 
and no longer than a cigarette, Westinghouse has combined these benefits 
for you—lower costs, easier installation, minimum air-movement 
restriction, and longer, trouble-free operation. 

Whatever your product—room air conditioners, ventilating fans, unit 
heaters and coolers, furnace blowers or the like—you will find new 
opportunities to cut costs, streamline your product and increase its sal- 
ability with a new Westinghouse shaded-pole motor. 

For more information on the new Westinghouse shaded-pole or perma- 
nent split-capacitor motors, contact your nearby Westinghouse sales 
office. Or, write Westinghouse Electric Corporation, Small Motor Division, 
P.O. Box 566, Lima, Ohio. 


J-03031-X 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING FOR You! 
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TWIST WIRES... 


DIP IN SOLDER... 


Anaconda announces Analac an improved § 


New Analac* film-insulated, solderable magnet wire can 
be used similarly to Formvar or Plain Enamel—except that 
it is solderable without stripping! 

Soldering by dipping, iron or gun produces a perfect 
joint—in just one second in finer sizes—without prior re- 
moval of the insulation. Analac reduces labor, saves time 
and money wherever many soldered connections are 
made, or where small diameter wire makes other means 
of insulation removal hazardous to the insulation or wire. 

Not only this, Analac has the excellent abrasion re- 
sistance and other good mechanical properties of the 
enamel wire youre now using. It handles readily, per- 


forms well in high-speed winding. 

Analac is colored a bright red with stable dye used 
many years for identical applications—making it highly 
visible even in finest sizes. This helps operators feel more 

results in higher quality work. Distinctive color 
simplifies its identification, too, from nonsolderable wires. 

Analac is available in an exceptionally large range of 
sizes. The Man from Anaconda will be glad to give you 
more information and help with a production run in your 
plant. See “Anaconda” in your phone book—in most prin- 
cipal cities—or write: Anaconda Wire & Cable Company, 
Magnet Wire Headquarters, Muskegon, Michigan. 


Reg. U. S. Pat. Off. 





STRONG JOINTS—as strong as the same joints made 
in bare copper wire—are produced. Here in laboratory 
test, joint holds under high stress. 


EXCELLENT ABRASION RESISTANCE of Analac is 
shown in this test. It has the same high windability 
normally associated with Formvar, Plain Enamel. 


JOINT IS COMPLETED WITHOUT 
STRIPPING WIRE with Analac wire dipped in 
a 50-50 tin-lead solder at 360°C (680°F). The insulation is 
removed at the temperature of molten solder. 





solderable magnet wire 


MOLDED-PLASTIC CASES — designed and devel- 
oped by Anaconda—protect spools of Analac from dam- 
= 


age during shipping. Result: no breaks due to bent 
spools. 


Le 8 ES EE OD NE ES Nt RE SF SRS SS SS SS Sa ae a es ——— ee ee cee cee cee ee ee ee ee ee ee ee ee ee 


See the Man from 


ANACONDA 


for ready-to-solder 
Anatac NEW CATALOG ON ANALAC I oak xvin'ckind Wind Secaiepeaxveanenee 


Yours for the asking. ADORESS 


magnet wire aia | |S mmnmen errneensrrn strates tra 


for your copy. 


ANACONDA WIRE & CABLE COMPANY 


Magnet Wire Headquarters, 
Muskegon, Michigan. 


Please send me catalog C-95A on 
Analac ready-to-solder magnet wire. 


NAME & TITLE 








FANSTEEL 


ELECTRICAL 


CONTACTS 


... dependable 
since 1914 


FANSTEEL 
SERVICE 


tangible, definite and usable help... 
by people who are eager to give it, 


able to give it! 


Fansteel Metallurgical Corporation 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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FROM minnows TO 


WHALES 


This is a kind of “Mutt & Jeff” 
portrayal of CORNISH versatility 
in designing and producing any 
type and size of Cord Set to YOUR 
special needs. Leading manufacturers 
of electrical equipment and appliances 
no longer gamble... they just 
CORNISH ‘em! AH our technical and 
.physical facilities at YOUR service. 


BE SURE with 


coRN 


CORD SETS 


CORNISH WIRE CO., inc. 


~50 Church Street New York 7, N.Y. 





























TOMORROW: 


A standard motor that can 


The new [itelinely is another step closer 


One of the principal causes of motor failure today is overloading. 
tight now Westinghouse is working on motor designs that will 
someday result in a motor that can survive any overload. 

This picture shows a 15-hp Life-Line ‘‘A”’ motor pulling a 
quarter of a million pounds of locomotive on New York Central 
tracks near Buffalo. It’s simply a dramatic way of showing 
the progress Westinghouse has made toward better overload 
protection. Improved insulation, frame construction and bearing 
design give the Life-Line ‘‘A”’ better protection against over- 
loads than ever before. It’s industry’s closest approach to a 
standard motor that can withstand any overload condition. 

Your Westinghouse sales engineer is ready to tell you about 
many other reasons why the Westinghouse Life-Line ‘‘A”’ is 
industry’s most advanced and preferred motor. Call him today. 


J-21925 





New exclusive Bondite* impregnat- Exclusive Life-Line ‘‘A’’ pre- 


ing varnish, partner to new Bondar* lubricated bearing features a new 
and Mylarf insulations, guarantees 4-way seal and completely excludes 
complete resistance to the heating the three main causes of bearing 
effects of heavy overloads as well failure: (1) contamination, (2) over- 
as motor contaminations. greasing, (3) wrong grease. 


*Trade-Mark +Du Pont Registered Trade-Mark 





WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING TODAY! 


stand any overload? 

























































































































































































































































































































































































Special Reports 


On Finishing Non-Ferrous Metals 


NUMBER I1—Paint Base, Corrosion- 
Resistant Finishing with lridite 


® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line of 
chromate conversion finishes. They are generally applied 
by dip, some by brush or spray, at or near room tem- 
perature, with automatic equipment or manual finishing 
facilities. During application, a chemical reaction occurs 


that produces a thin (.00002” max.) gel-like, complex 
chromate film of a non-porous nature on the surface of 
the metal. This film is an integral part of the metal itself, 
thus cannot flake, chip or peel. No special equipment, 
exhaust systems or specially trained personnel are 
required. 


Chromate conversion coatings are well 
known and accepted throughout industry 
as an economical means of providing cor- 
rosion protection, a good paint base and 
decorative finishes for non-ferrous metals. 
However, continued developments have 
been so rapid and widespread that many 
manufacturers may not be completely 
aware of the breadth of application of this 
type of finish. Hence, this digest of cur- 
rent information; to bring you up to date 
on the many ways in which you can ob- 
tain proper surface preparation for paint- 
ing and increase product durability with 
a single multi-purpose chemical pretreat- 
ment. Report I on decorative, corrosion- 
resistant finishes and Report III on 
chemically polished, corrosion-resistant 
finishes are available on request. 


First, it is an accepted fact that metal 
surfaces should be prepared before paint- 
ing to make possible an efficient paint sys- 
tem. Naturally, this preparation should 
provide for good initial paint adhesion. 
Chemical treatments have proved extreme- 
ly effective in this respect, particularly 
those of a neutral or preferably acid na- 
ture. Further, to be most efficient, chem- 
ical treatments should provide a non-por- 
ous barrier to maintain adhesion by sealing 
the metal from the paint and moisture. 
They should also provide a self-healing 
film which prevents lateral corrosion in the 
event that bare metal is exposed through 
scratching. 


The Iridite chromate conversion coat- 
ings meet all these requirements. Iridite 
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is a chemical conversion treatment for sur- 
face preparation. It provides initial paint 
bonding by molecular adhesion. It is acid 
in nature and produces a film that is gel- 
like and non-porous in structure. Thus, 
the Iridite film effectively seals the metal 
from the paint and from moisture penetra- 
tion. Because the film contains certain 
relatively soluble constituents, it will pro- 
tect areas scratched through to bare metal 
and prevent lateral corrosion. This is 
accomplished by a gradual leaching of 
these constituents into the damaged area. 


Further, because of its gel-like, non-crys- 
talline nature, the Iridite film will not 
affect the appearance or texture of the 
paint film, nor will it dust or powder to 
mar the painted surface. Because the 
film is non-porous, paint coverage is in- 
creased, thus substantial savings in paint 
costs will be realized. In addition, treated 
parts may be stored for long periods of 
time prior to painting without the risk of 
entrapped moisture 
when painting. 


causing blistering 


Iridite chromate conversion coatings 
are widely used with equal ease and suc- 
cess under both baked and air-dried paint 
systems. While the actual adherence prop- 
erties of the Iridite film do not increase 
appreciably with its thickness, corrosion 
protection does. The protection of the 
Iridite film is proportionate to its thickness 
and should be taken into consideration 
when selecting the Iridite to meet your 
needs. However, it is sometimes necess- 
ary to sacrifice maximum corrosion pro- 
tection for appearance when a finished 






part is to be only partially painted. For 
example, it may be desirable to use a thin, 
clear, bright Iridite film if the unpainted 
areas must present a chrome-like appear- 
ance. A typical case is that of instrument 
housings on which the exterior is painted 
and the inside left unpainted. 


On the other hand, if all surfaces of the 
product are to be painted and maximum 
corrosion protection is required, the heav- 
ier and most protective Iridite films should 
be used. For example, all surfaces of zinc 
die cast fruit juicers are finished with a 
highly protective Iridite film prior to paint- 
ing to provide maximum resistance to the 
corrosive action of fruit juices. 


Iridite finishes are now available for all 
commercial forms of the more commonly 
used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, 
copper, brass and bronze. In addition to 
providing an excellent base for paint, the 
Iridite films also have high decorative val- 
ue when used as final finishes in them- 
selves. 


These films can produce a wide variety 
of pleasing appearances including clear 
bright, iridescent yellow, bronze, olive 
drab and brown. In addition, many films 
can be modified by bleaching or by dyeing. 
Among the dye colors available are var- 
ious shades of red, yellow, green, blue or 
black. 


In planning or designing, you should 
consider the many other characteristics of 
Iridite finishes which may enter into the 
specific problem. In addition to their func- 
tions as protective and decorative finishes, 
and as bases for organic finishes and bond- 
ing compounds, Iridites have low elec- 
trical resistance. Some can be soldered 
and welded. The film does not affect the 
dimensional stability of close tolerance 
parts. 


Iridites are widely approved under both 
Armed Services and industrial specifica- 
tions because of performance, low cost and 
savings of materials and equipment. 


You can see then, that with the many 
factors to be considered, selection of the 
Iridite best suited to your product requires 
the services of a specialist. That’s why 
Allied maintains a staff of competent 
Field Engineers—to help you select the 
Iridite to make your installation most 
efficient in improving the quality of your 
product. You'll find your Allied Field 
Engineer listed under ‘“‘Plating Supplies” 
in your classified telephone book. Or, 
write direct and tell us your problem. 
Complete literature and data, as well as 
sample part processing, is available. 


Allied Research Products, Inc., 4004-06 
East Monument Street, 
Maryland. 


Baltimore 5, 
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when you need small parts like these*... 


The fabrication of precision parts of industrial ceramics is a 
specialized job... and STAR specializes in it! 


There is practically no limit to the variety of shapes we can 
turn out to meet your simple or intricate specifications 
precisely . . . economically. 


More than 25 automatic presses, operating 24 hours a day 
are available to turn out ferrules, grommets, eyelets, rings, cups, 
shells, and millions of other close tolerance parts made from 
STAR Ceramics. This means lower cost to you. . . faster service 
to meet busy production schedules. 


WRITE FOR COMPLETE DETAILS AND A GENEROUS ASSORTMENT 


This new 20-page, fact- OF SAMPLES 


filled engineering catalog 
contains complete data 


and information on Star 

materials and engineering t h e 
facilities. It’s a work book 

you’ll find invaluable. 


Write for a free copy 


nae porcelain company 


41 Muirhead Avenue, Trenton 9, N.J. 
* This includes the half dollar (and 


more) in production savings! 
) P 8 California Representatives: 


Edwin E. Starr, 4101 Rhodes Ave., North Hollywood, Calif. STaniey 7-5879. 
Thermo Materials, inc., 44 Encino Avenue, Palo Alto, Calif. DAvenport 3-7991. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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NEW ROBBINS 


“SERIES 254U” re-rateD 
FIVE BIG 


FULL HEIGHT END HEAD PROTECTION 

One piece shrouded end heads give full height 
protection against moisture and falling objects. 
Internal baffles complete splash-proof construction. 
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& MYERS 
MOTORS offer you... 


ADVANTAGES! 


“STRAIGHT THROUGH” DUAL-SWEEP 
VENTILATION ELIMINATES 

“HOT SPOTS” 

Tandem fans, one pushing and the other pull- 
ing, produce washing action around and over 
field coil ends, insure lower internal tempera- 
tures and longer dependable operation. 


LIFE. Mylar*, laminated to rag paper insures 
positive insulation and assures virtually perma- 
nent protection because of its excellent dielectric 
qualities. In addition, the rag paper backing pro- 
vides a cushioning effect for added resistance to 
abrasions and punctures. 


*DuPont registered trademark. 


BEARINGS EASILY INSPECTED 


Removable cover plate at each end of head 
permits easy bearing inspection without dis- 
mantling motor. Bearings run in double-width 
races, thus have extra-large reservoirs contain- 
ing grease selected to resist dust, temperature, 
humidity and high operating speeds. 


PERMANENTLY NUMBERED LEADS 
SIMPLIFY INSTALLATION AND 
MAINTENANCE 

Proper lead identification is assured even after 
years of exposure. Numbers are permanently 
impregnated into the sub-surface of the insula- 
tion... can't wear off or deteriorate. 


Tuese five big advantages make R&M’s “Series 254U” re-rated 
motors your best buy for applications requiring dependable, 
full-time performance, They can be installed in any environment, 
outdoors without a cover or in damp and corrosive atmospheres. 
Moisture, rust or corrosion can’t affect their operation, and 
they take rugged duty in stride! Every R&M motor is electrically 


and mechanically designed to withstand the most severe 
operating conditions. Careful quality control and precision 
manufacture insure top performance and dependability year after 
year. Write today, for R&M Bulletin 520EMon R&M’s 


“Series 254U” re-rated motors! 


ROBBING 


SPRINGFIELD, OHIO 


Motors Fans Hoists 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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PERCENT VOLTAGE RATING 




















VOLTAGE RATING VS. LIFE AT ELEVATED 
TEMPERATURE FOR 95% RELIABILITY 


General Electric’s molded PVZ* tubular 
capacitors operate from —55C to +125C 







... yet are moderately priced 


The new General Electric molded PVZ paper 
tubular capacitors meet the electronic de- 
signer’s need for a high-quality line that offers, 
at a moderate price, characteristics similar to 
“K” of MIL-C-25A. 


e Price of the units is less than one-half that of a 
comparable metal-clad tubular. 


e They are designed for a minimum of one year’s 
life, operating at 125 C, rated voltage. 


e Insulated bodies are easy to locate in the 
chassis, and provide protection from other parts 
or ground. 


e They are small, both physically and electrically, 
in order to aid equipment miniaturization. 


e They are solid—resistant to shock and vibration. 

In general, you will find these molded PVZ 
paper tubular capacitors suitable for use where 
you might normally expect to find either 85 C 


or 125C metal-clad tubular capacitors; in 
computers, missiles, telephone equipment, and 
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DEGREES CENTIGRADE 


OPERATES FOR 1 YEAR AT 125 C Molded 
PVZ capacitors are designed for a mini- 
mum of one year's life at rated voltage 
and 125 C operation. Curves shown above 
are typical of performance. 





EXCELLENT HUMIDITY CHARACTERISTICS 
Molded PVZ capacitors withstand stringent 
humidity tests, thanks to a combination of 
high-grade case material and carefully- 
controlled molding techniques. 


other high-grade military and commercial 
electronic equipment. 


Microfarad ratings extend down to .00047 
uf—100 to 400 volts; up to .15 uf—100 volts, 
-1 uf—200 volts, .068 uf—300 volts, and .022 
uf—400 volts. Capacitance ratings are availa- 
ble with + 20%, +10%, +5% tolerances. 


In many instances, the units are physically 
smaller than equivalent metal-clad tubulars, 
especially if the metal-clads are insulated. PVZ 
capacitors range in size from .175” diameter 
x 5%” long to .375” diameter x 1,” long. Nine 
different sizes are offered to accommodate the 
various ratings. 


READY NOW: Stocks of most sizes and ratings 
of General Electric’s new PVZ capacitors are 
on hand, ready for shipment. If you would 
like to receive technical data on the new line 
get in touch with your local G-E Apparatus 
Sales Office or write to the General Electric 
Company, Section 442-43, Schenectady 5, N. Y. 


*A General Electric Trade-mark 


HIGH LEAD BEND RESISTANCE The new capaci- 
tors withstand one-pound-vertical-pull test 
moving the body of the unit 90°, then 180° in 
the opposite direction, then back 90°, to the 
original vertical position. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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P-K°* self-tapping screws GUARANTEED 


to keep your assembly line humming 


LOOK FOR THE TRIANGLE 
MARKS THAT TELL YOU 
IT'S A GENUINE P-K , 


Bi 
Non-Countersunk 


Heads—12 impressed 
triangles under head 


6 impressed tri- 
angles under head 


Hexagon Heads— 
1 embossed triangle 
on top of head 


You get a written guarantee of highest quality on every package 


Pick up a package of P-K screws and open it. You’ll see immediately 
that these are fasteners of outstanding quality. Read the guarantee 

—see the protection you get with P-K. The most important thing is the 
performance of P-K Self-tapping Screws. They’re pointed, threaded, 
headed and hardened to start right, drive right and stay tight. That 
adds up to assembly savings for you—a smooth flow of production 
without wasted time and money caused by screw failures. That’s why 

it pays to insist on the best—the screws that guarantee “‘if it’s 

P-K, it’s O.K.” 

PARKER-KALON DIVISION, General American Transportation Corporation 


Manufacturers of Self-tapping Screws, Socket Screws, Screwnails, Masonry Nails, Wing Nuts and Thumb Screws 


PARKER-KALON fasteners 


Sold Everywhere Through Leading Industrial Distributors 
Factory: Clifton, New Jersey—Warehouses: Chicago, Illinois—Los Angeles, California 
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QUINTERRA** 


Asbestos Sheet 


MYLAR * 


4000 vpm polyester film 


QUINTERRA** 


This boon to designers of electrical equipment comprises a triplex construction 
with Quinterra or Mylar on the outside. Since Quinterra is available in the 
thicknesses of .003” to .015” and Mylar from .0005” to .007”, a large number 
of combinations are available. Check Varslot, if your requirements call for 
high dielectric strength or added thickness at low cost. 


*Mylar, Du Pont’s registered trademark 
**Quinterra, Johns-Manville Corp. registered trademark 


Technical data available on request > Agent in all principal cities 


NEW JERSEY WOOD FINISHING COMPANY 


ELECTRICAL INSULATION DEPARTMENT *© WOODBRIDGE, N. J. 


Varnished Cambric Cloth : Silicone Varnished Fiberglas 
Varnished Cambric Tapes Silicone Rubber Fiberglas 

Varnished Duck Silicone Varnish & Rubber Asbestos 
Varnished Fiberglas Synthetic Resin Extruded Tubing 
Varnished Silk Makers of Synthetic Resinous Tapes 

Varnished Silk Substitute these other Polyethylene, Sheets & Tapes 

Cable Wrapping Tapes quality products “Varslot’" Combination Slot Insulation 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








Because Dependability is a 





J.J. MONAGHAN CO. 





CiRCUIT BREAKERS 
in their Respirators 


The J. J. Monaghan Company of Denver makes 
respiration equipment and here’s one place 
where continuous dependability is a must. To help 
assure this continuous dependability, Monaghan 
specifies and uses KLIXON Circuit Breakers. 
Here’s the way they putit... 


“Our equipment is of a nature that requires the 
finest quality in parts and materials and we feel 
that the KLIXON Circuit Breaker fills these re- 
quirements. We have used the KLIXON Circuit 
Breaker for many years and have always enjoyed 
its dependability.” 

Whether your application is one of overheat 
protection in electrical circuits or circuit com- 
ponents, or temperature regulation in all kinds of 
electrical apparatus and equipment, you will find 
KLIXON Controls easily adapted to your needs 
and completely dependable. 





° 





KLIXON Controls are successfully meeting 
difficult requirements in hundreds of civilian and 
military applications daily. 

Our Field Engineers will be glad to work out 
application details with you on request — no ob- 
ligation, of course. 

Why not investigate today and see whether 
KLIXON Controls may serve you write for 
free booklet — “The Story of The Spencer Dise’’. 


——|]L1xoN— 


METALS & CONTROLS CORPORATION 
SPENCER THERMOSTAT DIVISION 
3601 FOREST STREET, ATTLEBORO, MASS. 
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Grass Roots Approach 
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LONGTERM, THERE IS ONE SIMPLE ANSWER to the 
continuing shortage of engineers—higher salary 
standards. The news would quickly percolate 
down to the high school level. Meantime the 
competition for recent graduates and the entice- 
ments held out for employed engineers are hav- 
ing their effect. The salary curve is surely rising. 

Judging by the newspaper advertisements and 
the trade shows, the short term answer is to 
inveigle engineers away from present employ- 
ment. At the recent Automation Show in New 
York, over forty firms occupied one floor with 
interviewing cubicles. They were mostly manu- 
facturers of military electronic gear where the 
engineering content and number of designers 
employed are rising exponentially. Such firms 
outbid producers of commercial products not 
only on a salary level, but also on the level of 
scientific challenge in solving wholly new prob- 
lems. But when such firms advertise for en- 
gineers with narrowly defined specialties like 
familiarity with the design of digital or pulse 
circuitry, they are baldly swiping from each 
other. Is that good? 

An obvious solution to the shortage of pro- 
fessional engineers is to let engineers concen- 
trate on engineering work and relieve them of 
routine chores, which can be handled by lab- 
oratory technicians and draftsmen. On the other 
hand, enough companies have done just this to 
create in turn a shortage on the technician level, 
and thereby expose a basic weakness in our 
overall educational system. In building up its 
technological manpower, the USSR anticipated 
this situation, and is presently training about 
five technicians for each engineer or scientist. 
By contrast, American industry employs about 
one technician for every two or three engineers. 
One advantage of a totalitarian regime is that 
it can force people to do what the overall 
economic and military plans call for. In the 
US, most technical institutes are privately owned. 

An intelligent approach to a solution of the 
serious shortage of “second echelon” technical 
personnel has been made recently on the local 
level by a group in the East. As a result of 
informal “shop talks” among industry executives 
last summer the Design and Drafting Council 
of the Delaware Valley (environs of Philadel- 
phia) was set up to do something about the 









shortage of draftsmen, designers, and laboratory 
technicians urgently needed to fill the support 
jobs of engineers. One practical step was the 
first annual Design and Drafting Workshop, 
held in middle November. Here four facets of 
the overall problem were discussed with edu- 
cators on high school and university levels, Fed- 
eral and local administrators, personnel people 
and engineering executives from local industries. 

One area was pre-industry training in the 
high schools. Recommendations were made to 
local school administrators as to what is re- 
quired in the way of basic training. Offers were 
made by industry representatives to advise on 
specific curricula, but industry was reminded in 
turn that the best kind of encouragement for 
youth to take courses in drafting in vocational 
schools is to hire them when they graduate and 
stop seeking only experienced personnel. Train- 
ing on the job was emphasized, also the en- 
couragement of draftsmen to upgrade themselves 
for professional work by evening courses in 
engineering. This is certainly a grass root 
approach. 

Hiring practices were also critically analyzed. 
One speaker suggested that if as much time and 
money was spent in training and upgrading 
present personnel as is done in advertising and 
soliciting workers from other plants, industry 
would be that much ahead. Such an educational 
program needs to be sold to management. But 
before it is started it was suggested that realistic 
job classifications be made in terms of personnel 
qualifications. 

Training and the utilization of technicians to 
work as junior engineers to ease the shortage of 
engineers is to be discussed on a national basis 
during the Winter General Meeting of the 
American Institute of Electrical Enginevrs in 
New York later this month. By meldisg the 
viewpoints of industry, educators on the univer- 
sity and technical institute level, and profes- 
sional engineers, it is hoped that a standardized 
program to increase the number of engineers 
available can be worked out. 

In the meantime, if management wishes to 
retain its top engineers, our best advice is to 
coddle them. Make it “interesting” for them to 
stick around. 


FRANK J. Ottver, Editor 















































































































































































MICHEL MAMON 

Project Engineer, Solid-State Group 
ContTroL, INSTRUMENT COMPANY 
Brooklyn, N. Y. 


Static D-€ References 
for Closed-Loop Controls 


Many industrial controls require a source of accurately regulated d-c voltage to 


establish a base for input-output comparison. Recent developments in the mag- 


netics and solid state fields have made available a variety of circuits having 
the reliability characteristic of static devices and able to furnish constant ref- 


erence potential despite wide swings in input voltage. 


WHERE ONCE THE CLASSIC STANDARD CELL stood alone 
as the accepted source of reference voltage, there now 
appears a considerable number of other devices and 
circuits for this purpose. The rapid development of in- 
dustrial electronics is responsible for the new voltage 
standards, which include magnetic and solid state de- 
vices as well as electron-tube circuits. The latter were 
described in a previous article in ELECTRICAL MANUFAC- 
TURING.* The study of reference-voltage circuits will be 
completed now with this discussion of circuits incor- 
porating static devices only. 

The great new interest in voltage references has been 
brought about by the upsurge in feedback or closed-loop 
control systems. All such controls incorporate a balanc- 
ing operation and their accuracy depends solely on how 
closely the balance can be maintained. In a great num- 


* “Reference Voltage Circuits for Automatic Controls,” Execrrica. Manurac- 
rurtnG, January 1954, page 97. 


Feedbock 
network 


Fig. 1—Block diagram of simple closed-loop controller. 


ber of today’s feedback systems, a voltage standard is 
used to establish the balance point. 

A block diagram of a simple closed-loop system is 
shown in Fig. 1. Here, a portion f(x) of the output 
quantity is fed back through a feedback element to a 
difference unit. The controller receives a signal equal 
to the difference between a reference quantity e and f(x). 
In any closed-loop control system, a change in the output 
variable is compared to a reference standard and the 
difference quantity or the error is amplified and used 
to bring the output quantity to the desired level. Let 
e be the reference voltage, e, the output voltage, K the 
voltage gain of the amplifier, then: 

K =—* 
€ — 0 
and 


Fig. 2—Reactor used as a source of reference voltage. The 
regulated d-c potential appears across the load as Vo. 
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For all practical applications K is greater than 1 so that 
€, is approximately equal to e. Thus, the output data 
will follow closely the reference and the accuracy of 
regulation will depend solely on the reliability and ac- 
curacy of the reference element. 

Control systems based on voltage references have an 
advantage of accuracy when compared with other types 
of error-sensing and comparison methods. This is so 
because the voltage-gain factor K of an amplifier depends 
partly upon line voltage and line frequency, ambient 
temperature, aging, drift, etc. Assume that an amplifier 
has a voltage gain equal to K = 100 for one set of 
operating conditions and K’ = 90 for another set. This 
10 per cent change in the gain of the amplifier affects 
the regulation only by 0.1 per cent. 

With this arrangement, the requirements upon the 
amplifier become less severe. In fact, the only essential 
specification is that it have good zero stability. In many 
modern regulating systems, the power gain is provided 
by static magnetic amplifi~rs or rotating amplifiers. 

Electron-tube voltage regulators, ranging from single 
tubes to multiple-tube circuits, are proven performers 
and can offer any regulation accuracy that might be 
required in normal service. Ranged alongside the elec- 
tron-tube voltage references now is a full complement 
of solid-state units which can achieve the same accuracy 
of regulation with the added feature of being static 
devices. The first of these new types is the magnetic 
amplifier, which has been the subject of much recent 
development as a result of advances in magnetic core 
material, high-efficiency silicon rectifiers and new cir- 
cuitry. 

Magnetic D-C References. The design of d-c refer- 
ences for automatic feedback control using exclusively 
magnetic components has progressed to a point where 
an accuracy of + 1 per cent is easily obtained. In all of 
these regulator circuits, magnetic cores are of square- 
loop material. 

To examine a circuit which is both practical and 
typical of magnetic sources, refer to Fig. 2. (1)+ 
Reactor L, is connected in series with a resistor R, 
across a variable line voltage. The design of saturable 
core L, is such that with nominal line voltage, the mag- 
netic core is driven well into saturation and the pur- 
pose of R, is to limit the current that flows under these 
conditions through R, and L,. The value of current- 
limiting resistor R, is chosen so that the magnitude of 
the current will not produce excess heating of the wind- 
ing. 

To illustrate the reactor action, a simple loop is shown 
in Fig. 3. The voltage applied to this circuit is: 


e = Ex sin wt 
Since the reactor is of square-loop material, a flux 
change will occur in the core such that for N turns: 


de 
e = —(N) 107% 
dt 


from which the change in flux can be found: 


108 . 
Ad = onfN En sin ada 


108 
= N oaf E., (1 — cos a) 


+ Italic numericals in parentheses pertain to list of Cited References at end of 
this article. 
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. . | 
e=EmSinwt | Es 


Fig. 3—Representation of saturable-reactor circuit for analysis 
in text. 





Lood 


Fig. 4—Magnetic reference having a pair of square-loop cores. 
Power windings are cross-connected in buck-boost arrangement. 


The maximum flux swing will be 


a 10° E, 
265 = 3 Nf 


where 


E, 
(the average rectified line voltage). 
Now, if the line voltage rises to 
E' =k E, withk > 1 
the flux swing cannot become physically larger than 2 0, 
(square-loop core material) and consequently the reactor 
cannot absorb a voltage larger than E,. The balance 
E’ — Es = (k — 1) Es 
will produce a current flow through resistor R and the 
reactor such that: 
(k — 1) Es 


. R 


and the voltage across the reactor will remain substan- 
tially constant as long as the excitation frequency does 
not change. We have thus seen that for a square-loop 
material the integral volt-time area is constant and the 
number of volt-seconds required to saturate the core is 
a fixed quantity. With increasing voltages, the core satu- 
rates earlier in the cycle; with lower voltages, it saturates 
later in the cycle. 

The cross-sectional area of the core, number of turns 
N and the current limiting resistor R are so chosen that 
the lowest value of the input voltage will cause substan- 
tially complete saturation of the core. The area under 
the voltage—time curves will be of approximately equal 
magnitude irrespective of the magnitude of the applied 
voltage, since the same predetermined volt-seconds are 
required to saturate the core each time. (2) 

The result is, therefore, that the voltage across the 
saturable core L, is constant under varying supply volt- 
age. The voltage stabilization ratio (i.e., the ratio of 
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Fig. 5—Voltage reference using transformer in a pulse-forming 
configuration. 


Fig. 6—Circuit featuring provisions for frequency compensation. 
The two linear reactors L; and Lo add a long time constant to 
dampen frequency changes. 


Fig. 7—Reactor regulator produces a-c voltage across the bridge 
rectifier. This voltage is almost a square wave, simplifying the 
filtering problem. 


on 
o 


Average output voits 


fd ddl 
10 20 30 40 50 60 70 80 90 100 
Input volts 


Fig. 8—Performance characteristic of regulator shown in Fig. 
7. Output voltage is held within 0.01 per cent despite an input 
swing rom 90 to 140 volts, when designed for such a range. 


the reference-voltage change to the supply-voltage 
change) is rather low for this circuit, as for all magnetic 
references. The stabilization factor can be somewhat 
increased by making & larger. This increases the current 
flowing in resistor R and the reactor winding. In a prac- 
tical design the stabilization ratio does not exceed 1/10. 

Although the voltage across the reactor remains sub- 
stantially constant with varying line voltage, a variation 
in supply frequency causes a quasi-linear variation of 
the voltage across the reactor. One way of eliminating 
the error due to line-frequency changes consist of in- 
serting an appropriate inductance L, as shown in Fig. 2. 
By making 1, large in proportion to load resistance, a 
substantially constant output is achieved, irrespective of 
the value of the line frequency within certain limits of 
its variation. Here also, there is a practical limit to the 
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value of L.w. The higher the ratio L,o/R, the lower the 
load current. 

To improve the voltage stabilization ratio, transformer 
T, connected as shown in Fig. 2, produces a voltage in 
phase opposition to the supply voltage. The resistor R, 
which is higher in resistance value than R, produces 
a voltage drop which attenuates the voltage variation 
across the reactor L,. The introduction of transformer 
T increases the voltage stabilization ratio to approxi- 
mately 1/50. 

The full-wave bridge rectifier delivers a d-c current 
to a fixed load, which may be a control coil of a mag- 
netic amplifier or the control field of an amplidyne. The 
presence of a counter-emf of second harmonic in the 
control coil does not affect noticeably the constancy of 
the d-c current. Although the voltage reference shown 
in Fig. 2 is inherently stabilized only for line-voltage and 
frequency fluctuations, in most applications ambient 
temperature also may change drastically. Some military 
specifications call for an ambient range of —55 to +100 
C and higher. 

To compensate for the error introduced by changing 
temperature, the magnetic reference of Fig. 2 was en- 
closed in an oven controlled by a bimetallic thermostat 
and the temperature was kept constant to within + 5 C. 
The reference described delivers 8 ma of direct current 
to a 60-ohm load. Input power is 115 volts + 10 per 
cent and 400 cycles + 7%% per cent. With an ambient 
range of from —65 to +70 C, the overall accuracy is 
+1 per cent despite the voltage and frequency fluctua- 
tions mentioned. 

A magnetic reference-voltage circuit developed by 
the author in 1950 is given in Fig. 4 (3). It consists of 
a pair of square-loop cores, each of which are supplied 
with two power windings cross-connected to produce a 
buck-boost flux. A common winding energizes a full-wave 
rectifier delivering substantially constant direct current 
to a load. A current-limiting resistor is connected be- 
tween the line terminal and the common points of the 
power windings. Temperature compensation is achieved 
by the inclusion of a thermistor (not shown). This cir- 
cuit has a stabilization factor of 1/50 and for 400 eps. 
it has the following performance characteristics: 


Input: 

Series resistor: 

Input current: 

Input power: 

Output current: 10 ma 

Load resistance: 1 kilohm 

Regulation: + \% per cent for line voltages of 
115 + 10 volts and frequencies of 


400 + 10 eps. 


95-135 volts, 400 + 20 cps 
5 kilohm 

10 ma 

1 volt amp 


A magnetic source of d-c reference voltage, devised 
by Dr. E. H. Frost Smith and P. D. Atkinson in Eng- 
land, is depicted in Fig. 5. (4) Transformer T is con- 
nected to line voltage in series with inductor L. With 
E = KE, and K greater than 1], the output of the trans- 
former is in the form of pulses of short duration. The 
design of the RC network is such that R is equal to or 
greater than 10 X,. Under these conditions, an integra- 
tion of the output pulses occurs, which produces square- 
wave output E, proportional to the saturation flux B, 
of transformer T. The rectified current is smooth and, 
with a fixed load, the average load current is unaffected 
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by line-voltage variations. The inductor L serves to com- 
pensate for line-frequency changes. Here again, overall 
regulation is + 1 per cent. 

Another interesting magnetic d-c reference (5) is 
shown in Fig. 6. It consists of saturating transformer 7, 
the primary of which is in series with current-limiting 
resistor R. Inductance L, is incorporated in the sec- 
ondary in series with a full-wave bridge rectifier. The 
d-c output of the bridge rectifier energizes an inductance 
L, and a load R,. Here again, the value of R and the 
number of primary turns are chosen so that the core T 
is substantially saturated with a nominal line voltage of 
E KE,, with K less than 1. The secondary voltage 
remains substantially constant. The compensation for 
frequency variations is achieved by two linear reactors 
L, and L.. Good results are obtained with the circuit of 
Fig. 6 by making the time constants L, + L,/r’ and 
L./R long with respect to the period of the input volt- 
age (r’ being the total resistance of the inductances, the 
transformer secondary and the load, plus the forward 
resistance of the rectifier). There is a practical limit to 
the value of L, since the larger L, is, the smaller the 
output current will be. The error due to temperature 
variations is corrected by themistors not shown in the 
circuit. The input to this circuit is 5 watts, 100 to 140 
volts at from 360 to 440 cps. Output is 15 0.2 ma 
of direct current into a 50-ohm load. 

The regulator depicted in Fig. 7 was developed by 
Drs. Buchold and Stuhlinger of Redstone Arsenal. (6) 
The a-c voltage across the bridge rectifier is nearly rec- 
tangular, a fact which makes filtering easy. The average 
rectified voltage is given by 

E, = 4 Nfé, 10° 

which is constant for a square-loop core material. with 
constant excitation frequency. The inductance L can be 
replaced by the familiar current-limiting resistor, but 
with loss in efficiency. Transformer 72 serves as an 
additional compensator for line-voltage variation. Its 
secondary feeds the output with a small voltage of op- 
posite polarity. 

This arrangement provides an excellent reference 
voltage constant to within 0.01 per cent for an input 
variation of 90 to 140 volts. Since these figures hold 
only for line-voltage variations, some means must be 
provided to correct frequency fluctuations and ambient- 
temperature changes. This remarkable regulation places 
this circuit among the best magnetic d-c references. The 
performance characteristic is shown in Fig. 8. 

Effect of Temperature Variations. It has been 
shown how ferromagnetic cores can be arranged to pro- 
duce a stabilized voltage and also how various means 
can be provided to compensate for frequency variations. 
However, besides voltage and frequency, there remains 
the factor of temperature which also has a great effect 
on the accuracy of a d-c standard source. In all magnetic 
references, the average output voltage is proportional to 
saturation flux (@,). The flux is a constant quantity for 
a given core material at a given temperature. Various 
investigations have shown that an increase in tempera- 
ture results in a decrease of saturation induction, al- 
though the inverse is true for maximum permeability 
(with some exceptions, however ). 

It has been shown that when the temperature varies. 
the change in By is more striking for square-loop mate- 
rials than for any other cores. (7) In general, for a 
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Table I—Temperature Effects 
in Various-Magnetic Materials 


Curie By at 
Point | 70 C 
(deg C)| (gauss) (gauss) 


Hy-Mu 80(.003’’) 420 8200 7400 
4-79 Permalloy 420 8200 7400 
Mo-Permalloy | 420 8200 7400 
Mu-Metai 420 8200 7400 
48 Alloy 500 14,500 14,000 
Carpenter 49 500 14,500 14,000 
Allegheny 4750 500 14,500 14,000 
Hypernik | §00 14,500 14,000 
Orthenol 500 15,600 13,950 
Orthonik | 500 15,600 13,950 
Permeron | §00 15,600 13,950 
Deltamax 500 15,600 13,950 
Hypernik V 500 15, 600 13,950 


Bu at 
+100 C 
Trade name 


square-loop material with nickel alloy, the saturation 
induction Bg will decrease by approximately 0.05 per 
cent per deg C increase in temperature. For a silicon- 
iron alloy core material, the decrease in saturation in- 
duction is about 0.02 per cent per deg C 
temperature. 

Table I gives Curie Points for different core materials 
with values of maximum induction By at —70 C and 
+100 C. The last column of the table gives the per- 
centage change of By, for the above range of temperature. 


increase in 


The influence of temperature upon ferromagnetic cores 
is very complex. It is sufficient to mention here a general 
fact: all ferromagnetic materials lose their magnetic 
properties above a certain temperature, which is called 
the Curie Point. The formulas developed by late Prof. 
Langevin clearly shows the dependence of By on the 
Curie Point of the metal. This theory was experimentally 
verified. 


It is apparent, therefore, that in the design of a mag- 
netic reference, it is necessary to use core materials with 


higher Curie Point when the ambient temperature varies 
within large limits. For all practical purposes, it is 
enough to note that from —70 to +-150 C, the maximum 
induction By is a linear function of the temperature. In 
any normal material, the initial and maximum permeabil- 
ities first increase and then decrease with increasing 
temperature, and the coercive force and hysteresis loss 
continually decrease. (8) Some materials have a low 
temperature hysteresis; i.e., the material recovers its 
initial magnetization curve of B vs T when subjected to 
heat and then cooled. In some iron-nickel alloys, there 
is a temperature lag in the B vs T curve and in certain 
cases, the curve has several jumps. 

Silicon-Diode References. Technological advances 
in the manufacture of silicon junction diodes have made 
an extremely valuable component available to those seek- 
ing sources of accurately regulated reference voltages. 
This is because the silicon diode exhibits an intriguing 
effect known as the Zener breakdown voltage. 

The characteristic of a typical silicon diode working 
in the reverse direction has a very sharp breakdown in 
the Zener region as shown on Fig. 9. Figure 10(A) 
shows one practical circuit using a diode and three re- 
sistors in a bridge configuration. For simplicity of 
analysis, an equivalent circuit is drawn in Fig. 10(B), 
wherein the diode is replaced by a _ constant-voltage 
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Fig. 9—Typical volt-ampere characteristic for a IN 430 silicon 
diode with an intersection region at a low-temperature level. 
(National Semiconductor Products Co.) 


Variable 
Vv 


o- 


(B) 


Fig. 10—Practical voltage regulator using one diode. Equivalent 
circuit is at right. 


source E in series with a constant resistance Rp. The 
latter is defined as the slope of the characteristic curve 
at the operating point, or: 
d\ 
dl 


the work- 
ing region is linear and the slope is constant. Further- 


As can be seen from the characteristic curve. 


more, this slope is also constant with ambient tempera- 
ture variations and changes in the current through the 
diode so long as the rated heat dissipation of the diode 


is not exceeded. 


Table ti—Temperature Effects 
on Dynamic Impedance of Diodes 


Four 
4.5-volt 


Single 
18-volt 
diode 
Dynamic impedance at 5 d-c milli- 

amp, ohms 200 16 
Per cent change in impedance per 

deg C +0.085 +0.005 

+0.9 


Millivolt change per deg C +14.4 | 
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diodes 


The open-circuit voltage 
of the regulator in Fig. 10 
is expressed as follows: 


V.=—R1 (1)+R2 (2) 


E f Re | 
R2+R3 R1+Rp 
RI+Rp ©) 
The load current is equal to: 
I Ve 


R1XRD RexR3 @) 
Ri+Ry] + Rp R2+R3 


Current, ma 


For low-voltage _ silicon, 
R» is considerably less than 
RI and R,. Also, by design 
R3 is made to be much less 
than R2. Under these condi- 
tions, the expression for load 
current simplifies to: 


V(RD/R1—R3/R2)+E 


3 
R, (3) 


[ = 
The basic aim of any reference source is to provide 
a load current that remains constant despite changes in 


line voltages. Therefore, to obtain a measure of the 


quality of this circuit, let us examine the change in out- 
put current with a shift in line voltage. The relationship 
can be found by differentiating Eq. 2 and is as follows: 


dl; d\ 1 
7, *vx- — — (4) 


EB RI x Re 
oa (+) (rex CRp — RI XR. : 


Note that if by design the resistances are chosen to 
make the denominator of Eq. 4 large, the change in load 
current (d /;,) due to voltage change (dV) will be very 
small. 

It is of interest next to determine what the value of 
R1 is to be for proper operation of the diode within 
the recommended rating of power dissipation. To do 
this, we must know the current through the diode. The 
following equation applies. 


J R1 +R, 
= _ “Fe ¢ 

R1 Ri xX R; 
For proper functioning of the diode, it is necessary 
to satisfy two inequalities. The first of these requires that 
the maximum diode current does not exceed the allow- 
able value (/p-44x) as specified by the manufacturer. 


Thus: 


Vax _ (R1I+ RIDE 
R1 R1X R; 


S Ip_max 


Second, for stability, it is necessary to operate the 
diode beyond the breakdown (Zener) point (/p-yry), 
also specified by the supplier. Hence: 


J MIN __ (R1 +Ri)E 
R1 R1X Ri, 


= I p_min 


If these inequalities are solved for their limits, we 
will find the minimum necessary values of the nominal 


ELECTRICAL MANUFACTURING 





input voltage and the resistance RJ: 


) MT V MIN 
v 


x 


Vnom 


_ (RI + RYE 
Ry, 


+ (RD) lpm + tomes 


and RI = aV 
Alp 
With a given diode, the resistor RJ sets the upper limit 
of the input voltage swing. From Eq. 3 it is seen that 
the load current /;, can be made independent of input 
voltage V’, if by design the following condition is realized: 


Ry _ R3 
Ri Re 


~O 


The output impedance can be made approximately 
10 ohms for low-voltage silicon-diode references. Further, 
if this regulator is connected through its input terminals 
to the d-c output terminals of any of the previously de- 
scribed magnetic references the overall stabilization 
factor of the combination is the product of the individual 
stabilization factors for the silicon and magnetic cir- 
cuits and may be 1/2000 and above. 

The Zener breakdown voltage E has a positive tem- 
perature coefficient, which is small for low-voltage units. 
The change in E occurs also if the back current through 
the diode is higher than is consistent with its rating. 
Silicon diodes working in the forward direction have a 
negative temperature coefficient, which is also lower for 
low-voltage diodes. By connecting two diodes, cathode 
to cathode, the so-called double-anode diode is obtained. 
The voltage temperature coefficient of the double-anode 
diode can be made very small because of the cancelling 
effects of the temperature coefficients during back and 
forward conduction. Available today are silicon diodes 
having a voltage temperature coefficient of the order of 


Fig. 13—Transistor voltage regulator (A) and the corresponding 
equivalent circuit (B). Latter defines the parameters involved 


in actually designing the circuit. 


Fig. 14—Transistor reference above features 


Fig. 11—Two-stage silicon diode voltage reference. With an in- 
put variation of 2 to 1, this circuit can provide a regulation 
of 0.01 per cent. 


Rs Re 


Fig. 12—Constant voltage source having a-c input. Diode 3 is 
biased in the Zener breakdown region. 


0.001 per cent per deg C 
—50 to +150 C. 

The dynamic impedance in the Zener breakdown 
region is determined by measuring the a-c voltage de- 
veloped across the reference unit when operating with 
| ma of a-c current superimposed on the d-c current cor- 
responding to the design center current of the diode. 
This impedance depends on the d-c current flowing 
through the diode and for the normal operating current 
of a particular diode, it lies between 2 and 20 ohms for 


over a temperature range of 


high output 


impedance such as is desirable in regulators used in magnetic- 
amplifier controls. The equivalent circuit is shown at (B). 
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Output impedance 


= foot Bo (ty, + By te: + fee) 


V/R + E/Ro 
IRL + 1/Ro 


dEo 


S* Gv * RU/R( +R) 


GE | GR, 
Eo rice =) 


Fig. 15—Use of twe transistors in the shunt configuration shown 
gives considerably better regulation than the single one- 
transistor reference. 


low-voltage diodes and between several hundreds ohms 
and megohms for higher-voltage Zener diodes. 

The dynamic impedance is fairly independent of am- 
bient temperature changes, when the diode operates 
within its specified power dissipation. It follows that it 
is more advantageous to use several low-voltage diodes 
in series than one single unit of higher voltage. To illus- 
trate this, Table Il gives a comparison of the results 
obtained by using either one 18-volt diode or four 4.5- 
volt diodes to achieve a reference voltage of 18 volts. 

In some applications, it may be required to build a 
voltage reference with still higher accuracy. This can be 
done by compensating the regulator with resistors of 
adequate temperature coefficients. Fortunately, it is rela- 


Ros 


Output impedance Ro= (less than 0.1 ohm) 


iP2e3 


V/R +E/Ro 


Eg: ——_————- 
OI7R, + 1/Ro 


R 
ge EO , BO (appr. 


| 
dV R 2500 


dEo | (—*) 


Eo. 1+R./Ro\ Re 


Fig. 16—Shunt-type voltage regulator using three transistors. 


Circuit parameters are defined by means of above equations. 
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tively easy, due to the fact that the voltage temperature 
coefficients are very close to those of commercially avail- 
able resistors. 

Recent news from Bell Telephone Laboratories indi- 
cate that a diffused silicon diode has been developed 
which has a lower dynamic impedance and capable of 
dissipating 6 watts with a heat sink. The Zener break- 
down voltage can be controlled over a range of about 
5 to 500 volts by controlling the junction impurity 
gradient. With such a power rating it will be possible to 
build a single-stage diode reference with a much higher 
stabilization factor than it is possible to achieve with 
presently available diodes. 

A two-stage silicon-diode reference-voltage circuit is 
shown in Fig. 11. With an input-voltage variation of 
2 to 1, this circuit provides a regulation of 0.01 per 
cent. Silicon-diode circuits can also be designed for 
a-c inputs. The circuit of Fig. 12 is typical, having diode 
3 biased in the Zener breakdown region. 

Transistor References. Germanium junction tran- 
sistors offer many interesting possibilities in the field of 
static references and regulated d-c power supplies. Their 
amplifying properties provide high stabilization factors 
together with low ripple and low output impedance. 
There are two basic types of transistor voltage regula- 
tors: shunt and series feedback. Shunt regulators are 
accurate voltage regulators, but have rather low eff- 
ciency. The series-feedback type employs the high 
dynamic impedance of the collector to absorb the changes 
in supply voltage and are more efficient. 

The simplest shunt voltage regulator contains only 
one transistor, whereas a series feedback regulator con- 
tains a minimum of two transistors. Transistor current 
regulators are of series type and may have only one 
transistor. Figure 13 shows a single-transistor voltage 
regulator of the shunt type. The transistor can be con- 
sidered as a variable resistor schunted across a load. 
the shunt element and the load drawing current through 
common resistor R. 

The n-p-n transistor also acts as a current amplifier 
since the base-to-emitter voltage is equal to the difference 
between output and reference voltages. Any change in 
the output will cause a change in the base current. The 
latter will appear in the collector with a value multiplied 
by the current gain factor 8. Thus, the shunt element 
will draw more current with increasing output voltage 
and less current with decreasing output voltage. The cor- 
responding /R drop across series resistor R will tend to 
maintain a constant voltage at the output. This simple 
circuit provides a good voltage regulator, but there is 
waste of power through the series resistor and the shunt 
current. 

The maximum efficiency of a shunt regulator under 
constant load current is given bv: 


j/ 
. dv }° 
Eff = E - a4 § 
i V V 


and is about 47 per cent for a 10-per cent line-voltage 
variation. (10) The total current /] from the source V 
is equal to: 
Mls. 
R 
E=E.-—nl, — rl. 
=E,—- role — rBl, 
= EF, — I, (rm + Br.) 


= I, a i. T I; 
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Fig. 17—Two transistors are featured in this series-feedback 


type of reference-voltage source. The schematic diagram is 
shown at (A) and the equivalent circuit at (B). 


Roe 
(Bi+!1) Be 


where 
re = emitter resistance 
ry = base resistance 
by letting 
Ry = ro + Bre 
and neglecting diode dynamic impedance we will get: 
1, - Bent 
R 
where E is the Zener breakdown voltage of diode D. 
The current through the collector is: 
= ae 4g Be — 
re (1—a@) R, 
where 
@ = current gain 
From Eq. 5, we get the following expression for the 
output voltage: 
V/R+BE/R. 


E, = is ¢ 
i/R+1/R, + B/R (9) 


By differentiating this equation with respect to supply 
voltage V, the stabilization factor will be obtained: 
¢ — dE, _ ae . (7) 
dV 1+R/R, + BR/R, 
Output Impedance. The regulator output impedance 
has a general form: 


Z,=—SZ,+ R, 
where S = stabilization factor 
Z, = impedance of supply source 
R, = impedance of circuit (looking 
back from the load terminals 
with input short-circuited 


R, = Ak, when V = O (8) 
AI 


¢ 


In the case of a full-wave bridge rectifier, for example, 
Z, is equal to the internal d-c resistance of the rectifier 
for slow variation of input voltage V. For higher fre- 
quency, Z, is smaller and approximately equal to the 
reactance of the filter output capacitor. For a good 
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(k+l) Ros 
B, B,B; 
k(k+i+Bo) 


Output impedance Ro= , where k= 


fc(l-a) 


iio (& 
Eo I+R_/Ro \R 
Fig. 18—Series-feedback voltage regulator incorporating three 


transistors. Change of 10 per cent in supply voltage disturbs 
the regulated output by only 0.005 per cent. 


regulator, the stabilization factor is much smaller than 
1 and, consequently, the output impedance of the regu- 
lator for all practical purposes is simply R,. The under- 
standing of this quantity R, is important. In a good volt- 
age regulator, the smaller R, is, the more stable will be 
the output voltage. In a good current regulator the op- 
posite is true. The larger R,, the more stable the output 
current. 

Direct computation of R, from Eq. 8 calls for setting 
up the equivalent circuit of the regulator and making 
incremental calculations. This procedure is tedious espe- 
cially when several transistors are used in the circuit. 
The output impedance can be calculated directly from the 
transfer function of the output voltage, Eq. 6, or from 
the stabilization factor S, Eq. 7, according to the “Output 
Impedance Theorum.” (11) The output impedance is 
given by the ratio of all the terms of the denominator of 
the transfer function, except the terminating load im- 
pedance, to the coefficient of the latter. Applying this 
rule to Eq. 7 we get: 

1 
Me = T7R + B/R a 
As usual, R is much greater than R,/B8 and the above 
simplifies to: 
R, 
R, = (10) 
8 

A practical value for R; is about 250 ohms and the 
current gain factor 8 is in the order of 25. Then, from 
Eq. 10, the output impedance of the single-transistor 
voltage regulator in Fig. 13 will be 10 ohms. The output 
voltage as a function of the output impedance will be: 

V/R + E/R 


= ail 
1/R,+1/R ) 


Actual Circuits. A search of the literature has re- 
vealed that the design of transistor regulator circuits 
has advanced to a point where many highly accurate 

(Continued on page 292) 
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An advance look at new and improved magnetic 
materials, material-components and_ techniques 

. , Permanent Magnets 
that show promise of pushing back the design 8 


limitations of electrically operated machines, Soft Magnetic Materials 
equipment and appliances—as disclosed at the Ferrites and Thin Films 


AIEE Conference on Magnetism and Magnetic Test Methods and Apparatus 
Materials. On the following pages selected papers New Devices and Components 
are interpretively reviewed for commercial signifi- 


cance in five separate reports on 
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tical applications in equipment design. On the glamour 
side came startling disclosures of new permanent mag- 
net, soft magnetic and ferrite materials with almost un- 
limited potentialities. Less spectacular, perhaps, but of 
more immediate interest to equipment designers were the 
papers dealing with improved processing, testing and 
evaluation techniques for today’s bread-and-butter mate- 
rials—and the exhibits of 15 major suppliers of magnetic 
materials, material-components and test apparatus. 

A basic theme of the conference was the great need 
for scientist, metallurgist and engineer to learn each 
other’s language and guide each other’s efforts. At no 
time in technological history have materials been pushed 
nearer the limits of their capabilities—indeed, the major 
design “stops” of most electrically operated devices are 
material in nature. 


TO REINFORCE THE VERY FOUNDATION of our electrical 
and electronic civilization, over 1000 research scientists, 
metallurgical engineers and equipment designers gathered 
in Boston last Oct. 16-19 for the AIEE Conference and 
Exhibit on Magnetism and Magnetic Materials. 

Some 77 papers were presented—ranging from highly 
theoretical discussions of magnetic phenomena to prac- 


ies diaiedeet eamest of. the fed wale Com ELECTRICAL MANUFACTURING is publishing this report 
ference on Magnetism and Magnetic Materials, for the primary purpose of stimulating a closed-loop 


sponsored by the American Institute of Electrical flow of information. This not only means feed-forward 
Engineers in cooperation with the American Physi- from scientist, to metallurgist or physical chemist, to 
cal Society, the American Institute of Mining, : 


Sates dnd Peteclones Unaincere, and. tbe equipment designer, but also feedback to them from the 
Institute of Radio Engineers. Complete Conference design engineer to whom the material limitations of 


Proceedings may be ordered from the American electrical equipment are an everyday problem and who 
Institute of Electrical Engineers, 33 West 39th 


} cal knows firsthand where new or improved materials can 
St.. New York 18, N. Y. at $7.00 per copy. 


do the most good. The very nature of magnetism makes 
the fundamental principle, the material and the device 
practically synonymous. 
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Permanent Magnets 


A PRIMARY TARGET has been the development of new perma- 
nent magnet materials that are more powerful and easier 
and cheaper to process than the metallurgical “witches’ 
brew” of aluminum, nickel, iron and cobalt known as Alnico. 
Great promise is shown at this time by fine-particle compacts 
of iron and other materials. But recent advances in metallur- 
gical science have also increased the available energy of 
Alnico-type magnets to a new level of 11 million gauss- 
oersteds—over twice that experimentally obtained with fine- 
particle magnets. But both fine-particle and alloy magnets 
have far to go to achieve their ultimate capabilities as low 
cost, high energy magnets of minimum size that can be 
easily shaped to fit the end device. 

Fine Particle Magnets. T. ©. Paine of the General 
Electric Measurements Lab briefed existing theories and 
experimental findings to show how proper alignment and 
packing of elongated single-domain particles of controlled 
size and shape (each a “pure” magnet) will result in ex- 
tremely powerful magnets utilizing relatively few strategic 
ingredients. Primary factors are: 

1. Particle alignment. In randomly oriented compacts of 
elongated single-domain particles, the residual induction* 
B. is about half the intrinsic saturation induction By. 
as shown in Fig. 1A. The induction B, for maximum ener- 
gy product B,H, is about one-quarter B,, and Hy is about 
half the coercive force H,. However with each particle 
aligned with its axis parallel to the direction of magnetiza- 
tion, a square loop magnet will result with B, and B, both 
approaching B, while H, nearly doubles and H, is also 
increased by a factor of four. Thus an ideally aligned fine- 
particle magnet can have a theoretical maximum energy 
product 16 times that of a randomly oriented compact of the 
same particles. 

2. Particle packing. While compacting particles into a 
‘solid” maget will increase the induction of the magnet, it 
will also decrease coercive force due to particle interaction 
and physical contact between particles. As shown in Fig. 1B 
the maximum energy product of a compact of elongated 
particles results from a compromise between coercivity and 
induction. 

3. Particle size and shape. In addition to keeping particles 
properly aligned and compacted, it is necessary for the 
particles to be of optimum shape and as nearly identical as 
possible. Particles too large or too small will have reduced 
coercivity and thus round off the demagnetization curve 
from an ideal square shape. 

Paine summarized the development status of the more 
promising fine-particle magnets (manganese bismuth*, bari- 
um ferrite, iron and iron-cobalt) as shown in Table I. For 
manganese bismuth and barium ferrite an appreciable por- 
tions of the theoretically available maximum energy product 
has been achieved, while for iron and iron-cobalt there is 
still considerable room for improvement. 

Duplicating Alnico. Demonstrating the great progress 
that has been made in achieving superior properties of iron 
and iron-cobalt elongated particle magnets, F. E. Luborsky, 
L. I. Mendelson and T. O. Paine of GE’s Measurements Lab 
presented demagnetization curves for compacts of these 
particles that closely duplicated the curves for various com- 
mercial Alnico magnets, Fig. 2. This work suggests a basic 
similarity in the fundamental structure of these very dif- 
ferent materials. (See page 310 this issue—Ed.) 

The properties of Alnico are controlled by 


‘ 


complex 


* For graphical definitions of these magnetic properties, see “‘Magnetizing and 
Demagnetizing Permanent Magnets,’ Evecrraica, Manuracturinc, Sept. 1956, p. 116. 

** A detailed report on the development of manganese-bismuth magnets will be 
published in a coming issue of Exrecrrica MANUFACTURING. 
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Table I—Promising Fine-Particle Materials 
Present Status vs Theoretical Capability 
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Status 


| present 4500 3500 5.3 

| theoretical 7800 7800 15 
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Fig. 2—Typical demagnetization curves demonstrating ability 
of elongated fine-particle iron-cobalt magnets to duplicate 
Alnico properties. 





Magnetic Materials .. . 


Fig. 3—Electron micrographs (« 1 micron) of controlled 
samples of fine dendritic particles of alpha iron: (A) dendrites, 
low coercive force, (B) needles and rods, higher coercive force 
and (C) extremely small needles, rods and tiny dendrites, 


metallurgical alloying and heat treating procedures. On the 
other hand the characteristics of fine-particle magnets are 
achieved by electrodepositing, from solutions of cobalt and 
iron salts, elongated particles which are compacted in 
the presence of a magnetic field to obtain the desired pack- 
ing factor and degree of orientation. Chemical composition, 
particle size and shape, packing and orientation can be in- 
dividually controlled to obtain the desired characteristics. 
The Particle Itself. In the development of fine-particle 
magnets, considerable effort has been expended toward de- 
termining the optimum particle size and shape. One approach 
has been through theoretical and experimental study of 
anisotropy (directivity of magnetization) to gain a better 
understanding of why magnetic materials can have easy and 
hard directions of magnetization in varying degrees. From 
these studies a great many “models” of magnetic structure 
have been proposed whose geometries show theoretical 
characteristics that correlate with experimental data. Models 
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Fig. 4—(A) Displaced hysteresis loop observed for oxide-coated 
cobalt particles; caused by magnetic interaction (exchange 
anisotrophy) between antiferromagnetic oxide and ferromagnet- 
ic metal. (B) Typical hysteresis loop and energy curve for nor- 
mal directional magnet; plotted as function of angle between 
particle axis and direction of applied field, the latter has two 
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highest coercive force. Particles in (A) are carbon replicated 
and partially etched by a specially developed technique to 
show three-dimensional structure. (Edsel B. Ford Institute for 
Medical Research electron micrographs) 


proposed range from cubes to homogeneous ellipsoids to 
strings of tiny spheres. 

On the basis of some remarkably resolved electron micro- 
graphs, Fig. 3, prepared in the course of his research at the 
Edsel B. Ford Institute for Medical Research, J. H. 
L. Watson illustrated the basically dendritic (pine-tree- 
like) structure of fine particles of iron, and presented ex- 
perimental evidence that coercive force was a function of the 
size and degree of growth of the iron dendrites making up 
a powder sample. 

The basic iron crystallite appears to be a single rhombic 
dodecahedron. These single crystallites attach themselves 
corner-to-corner linearly to form needles. Next step in den- 
dritic growth is for small clusters of crystallites to develop 
corner-to-corner at intervals along the sides at a needle to 
form a nodular rod. From the nodes linear strings of crys- 
tallites develop as secondary dendrite arms, thus turning 
the nodular rod into a dendrite. Secondary arms in turn 


minimum points, demonstrating bi-directional stability. (C) 
Displaced loop achieves greater Ba Ha for same width loop and 
has single-minimum energy curve, pointing to unidirectional 
stability in direction of original orientation and (D) possible 
permanent-permanent magnets of thin-loop soft materials 
through exchange anisotropy. 
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Fig. 5—New super Alnicos successively 
developed by adding titanium to Alnico 
9 (Ticonal G) with (A) conventional 
heat treatment, (B) conventional plus iso- 
thermal treatment, (C) conventional and 
isothermal treatment plus crystal orienta- 
tion, 














branch tertiary arms. It was noted that 
three secondary arms developed at each 
node, 120 deg apart, at an angle of 
60 deg with the main stem in the direc- 
tion of growth. In addition to needles, 
rods and dendrites, weak (incomplete 
or non-uniform) and filled-in dendrites 
were observed—the latter due to coales- 
cence of branches and crystallites. 
Coercive force measurements showed lowest coercive force 
for samples containing a high percentage of dendrites, as 
in Fig. 3A. A much higher coercive force was observed for 
samples made up primarily of needles and nodular rods, 
Fig. 3B. And still higher coercive forces were observed for 
samples of particles with reduced length and diameter, Fig. 


3C, even though a large number of tiny dendrites may be 
prevalent. 


The samples tested were “grown” by M. W. Freeman of 
the M. W. Freeman Co., Detroit, by an undisclosed control 
process developed under military auspices. At the present 
time controlled samples of randomly oriented alpha iron 
particles have been processed with coercive forces in excess 
of 1500 oersteds, with promise of much higher values to 
come as particle processing, alignment and packing tech- 
niques are further refined. 

Displaced Hysteresis Loop. A new magnetic phe- 
nomena was reported by W. H. Meiklejohn and C. P. Bean 
of the General Electric Research Laboratory—a displaced, 
or off-center hysteresis loop, which gives rise to a unidirec- 
tional magnetization characteristic. This effect was discovered 
in studying compacts of fine particles of cobalt, coated with 
cobaltous oxide. Particles were formed by electrodeposition 
of cobalt onto mercury and oxidized by beating in air. The 
powder is then magnetically removed from the surface of the 
mercury. 

Cobalt is ferromagnetic; cobaltous oxide is antiferro- 
magnetic—below 293 K—its Neél temperature. When cooled 
below 293 K, in the absence of a magnetic field, the oxide- 
coated particles have a normal symmetrical hysteresis loop 
as shown dotted in Fig. 4A. But when cooled below the Neél 
temperature in the presence of a magnetic field, the particles 
display an off-center hysteresis loop, as shown solid. This 
unidirectional effect resulting from the interaction of ferro- 
magnetic and anti-ferromagnetic materials has been called 
“exchange anisotropy’, by its discoverers. 

A corollary characteristic is that the oxide-coated parti- 
cles have only one stable direction of magnetization, whereas 
conventional directional materials are bistable in that they 
can be magnetized in either direction along the axis of easy 
magnetizatiqn, This is shown graphically by the energy 
curves of Figs. 4B, C for normal and displaced-loop materials. 
As the normal magnet is rotated through 360 deg in a mag- 
netic field, the energy, as a function of the angle between 
-\pplied field and particle axis, reaches two minima corres- 
ponding to stable positions at 0 and 180 deg. The energy 
curve of Fig. 4C, however, reaches a minimum only at 0 deg, 
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showing that these particles can be rotated 180 deg by 
the application of an external field and still return to their 
original position upon removal of the field. Also the coer- 
cive force and maximum energy product have been con- 
siderably increased without widening the hysteresis loop. 

Oxide-coated cobalt particles have been compacted as 
magnets with energy product of 4 million gauss-oersteds at 
B=2000 gauss and H=2000 oersteds. And one compact was 
exposed to a field of 70,000 oersteds and still exhibited a 
displaced loop. However, so far these characteristics have 
been limited to temperatures about 77 K (—196 C) and much 
more work remains to be done to develop either materials 
that have exchange anisotropy at higher temperatures or de- 
vices that can utilize the phenomenon at low temperatures. 

With a soft magnetic material, having a narrow hysteresis 
loop, Fig. 4D, exchange anisotropy can be used to shift the 
loop far enough to exclude the origin. Such a magnet can 
not be permanently demagnetized by any magnetic field. 
Instead it will come to rest at either points a or 6 on the load 
line determined by magnet-geometry. Simply closing the 
magnetic circuit would remagnetize the magnet. 

Super Alnico. Of considerable commercial potential 
was the announcement by Koch, Steeg and deVos of N. V. 
Philips Metallurgical Lab. Eindhoven, Netherlands, of new 
laboratory techniques that have boosted the maximum energy 
product for Alnico-type magnets from the commercial level 
of 5 million gauss-oersteds to a new high for any permanent 
magnet material of 11 million gauss-oersteds. 

To specimens of Ticonal G (European equivalent of 
Alnico 5) they added 5 per cent titanium to effectively 
double the coercive force. As processed by conventional heat 
treatment, the new alloy is characterized by demagnetiza- 
tion curve A of Fig. 5 with a maximum energy product of 
3.5 million gauss-oersteds. Subjecting the material then to 
isothermal annealing further increases the coercive force, 
curve B, to yield an energy product of 5 million gauss-oer- 
steds. This new high coercivity magnet can be commercially 
produced and will find many applications. By a special 
laboratory process, including isothermal treatment, the 
titanium-Ticonal alloy can be prepared with preferred 
crystal orientation to boost the maximum energy product as 
high as 11 million gauss-oersteds, curve C of Fig. 5. 

Maganese Bismuth. One of the major obstacles to 
commercial utilization of the high energy available from 
powdered manganese bismuthide (or Bismanol) is corrosion 


(Continued on page 312) 
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Soft Magnetic Materials 


A LARGE PORTION of the research and development activity 
with this workhorse class of magnetic materials is aimed at 
a more complete understanding of dynamic losses to achieve 
better processing methods and more efficient utilization— 
particularly with the silicon steels. New materials, too, will 
soon play important roles in equipment design—aluminum- 
iron alloys are making a bid to replace some high-nickel 
alloys; Sendust flakes appear to extend the upper frequency 
limits of magnetic powder core applications, and a new 
square-loop alloy with high flux density, called Supermendur, 
promises considerable reduction in size and weight of tape 
wound coils in power devices. Also, the effects of nuclear 
irradiation on core materials are being critically evaluated to 
determine suitability for reactor controls. 
Supermendur. Possibly one of the most significant ad- 
advances in magnetic materials for power applications, since 
grain-oriented silicon steel, is the development of Super- 
mendur—described by H. L. B. Gould and D. H. Wenny of 
Bell Telephone Labs as a purified vanadium-iron-cobalt alloy 
with high flux density and low coercive force. Supermendur 
is expected to find wide application in design miniaturizaton 
programs where devices have already been reduced to the 
minimum size and weight possible with existing materials— 
such as power transformers, pulse transformers, magnetic 
amplifiers, telephone receiver diaphragms, high temperature 
components, switching and memory devices. 
Square-loop characteristics are shown in Fig. 7, com- 
pared to those of 2V Permendur, the commercial material 
most closely related. Static magnetic properties achieved in 
experimental lots of Supermendur are:* 
Maxium permeability (u-max)—66,000 (at 20,000 gauss) 
Remanence (B,)—21,150 gauss 
Coercive force (H.)—0.26 oersted 
Saturation (B,)—24,000 gauss 
Flux swing (—B, to +B,)—45,150 gauss 
The new alloy is expected to establish six records for iron- 
cobalt alloys: 
Lowest coercive force 
Lowest hysteresis loss 
Highest permeability 
Highest permeability 
density 

5. Highest remanence 

6. Rectangular hysteresis loop with greatest flux swing 

from —B, to +B, 

The last three records are new highs for all magnetic ma- 

terials. Magnetization curves. of Supermendur vs typical 

commercial materials are shown in Fig. 8. 

In addition to these magnetic properties, Supermendur 
possesses unusual malleability—permitting 99.6 per cent cold 
reduction without intermediate annealing—making possible 
thin strips less than 0.002 in. thick. Such cold reduced 
strip can be bent back on itself without fracture. 

Processing of Supermendur differs from that for other soft 
materials in that purification must be accomplished in the 
melting stage rather than by high-temperature heat treat- 
ment, because the alloy has a phase change that limits final 
heat treatment to a relatively low temperature. Nominal 
per cent composition is 2 vanadium, 49 iron and 49 cobalt. 

The ingot is hot-rolled in two stages: first reduction at 
1200 C from 1% to % in.; second reduction at 1000 C from 
1% to 0.090 in. Thin strip is quenched in ice water from 
910 C to obtain a malleability that permits cold reduction 
from 0.090 to 0.0003 in. without intermediate anneal. 

Strip is then wound in toroidal coils and annealed in high- 


associated with highest flux 


*More recent values: He—0.20 oersted, Br—22,150 gauss, Amax—92,500 (at 


20.400 gauss). 
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Fig. 7—Supermendur vs its cousin 2V Permendur. 


purity hydrogen at a temperature below 850 C, to avoid 
phase change, in a magnetic field 1.0 oersted or greater. 
Cooling rate must be carefully controlled at approximately 
1 deg C per min to avoid material strains or excess ordering. 

From core loss measurements it is predicted that Super- 
mendur transformer coils will have approximately 30 per 
cent more power output than same size grain-oriented silicon 
steels coils, and an even greater percentage-wise advantage 
on an ampere-turn excitation basis. For magnetic amplifiers 
of a given output, Supermendur’s high flux density will per- 
mit a size decrease of 20 per cent. The steep slope of the 
hysteresis loop will permit a gain increase of 80 per cent 
over grain-oriented silicon steel core amplifiers, making possi- 
ble for some applications a reduction in the number of 
stages. 

Sendust Flake Cores. Molybdenum permalloy 2-81 is 
one of the major powder core materials used today for me- 
dium frequency applications requiring high permeability 
with low eddy current and hysteresis losses, such as loading 


Fig. 9—Proposed substitutes for high-nickel powder cores: 
(left) Sendust powder (iron-aluminum-silicon) and powder 
core; (right) Flakenol I core pressed from layers of Sendust 
flakes. (U.S. Naval Ordnance Laboratory photo) 
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Fig. 8—Magnetization curves of Supermendur vs common core materials. Note logarithmic scale to expand lower field portion. 


and filter cores for telephone, industrial and military com- 
munication equipment. Several hundred tons of this material 
are produced annually—81 per cent by weight of strategical- 
ly critical nickel. As an alternate core material using non- 
strategic materials, W. M. Hubbard, E. Adams and J. F. 
Haben of the U.S. Naval Ordnance Lab, Silver Spring, Md., 
proposed Flakenol I—a compact of Sendust flakes, in turn a 
refinement of Sendust powder (nominally 85 per cent iron, 
9.5 silicon and 5.5 aluminum) developed by the Japanese, 
Fig. 9. Whereas Sendust powder has a permeability 40 per 
cent less than Mo permalloy, Sendust in flake form has both 
higher permeability and lower total losses than Mo per- 
malloy—indicating possibilities for core size reduction as 
well as straight material substitution. 

Effects of induction, frequency and temperature on these 
materials are shown in Fig. 10. Loss curves combine hyster- 
esis, eddy current. and residual losses. Hysteresis losses for 
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Sendust flakes are slightly higher than those for Mo per- 
malloy powder, but layering of the flakes yields much lower 
eddy current losses than for the powder. Residual or viscosi- 
ty losses are sufficiently low for both. Sendust flake cores 
have greater inductance changes from d-c shock than do 
powder cores but are more stable than laminated or tape- 
wound cores. Sendust also has a negative temperature coefh- 
cient at high temperatures, but can be adequately stabilized 
by additions of Alfenol (iron-aluminum) flakes, with no 
change in permeability but some increase in losses. 

Flaking process consists of crushing and grinding ingots, 
cast from a homogenized vacuum-melted alloy, to a powder 
which is heated in an inclined chute to 400 C and vibrated in- 
to warm rolls (about 80C) for rolling into flakes. Flakes 
are given a l-hr hydrogen stress annual at 600 C and furnace 
cooled. Heat treatment also serves to pre-insulate the flakes 
by surface oxidation; sufficient 
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Fig. 10—Magnetic superiority of Sendust flakes to Sendust powder, and in some respects to 2-81 molybdenum permalloy. 
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drolized tetra-ethyl silicate is added to provided 1 per cent 
by weight of SiO, for binding to give a ferrite strength of 
400 psi (still only half that of Sendust powder cores). 

For uniform flake layering and distribution, flakes are al- 
lowed to fall freely into the die cavity from a feed mechanism 
that rotates at a constant rate. Cores are pressed to 80 per 
cent of bulk alloy density, then annealed in hydrogen at 
650 C for 30 min and withdrawn for air quenching. 

Losses in Silicon-lrons. Following a thorough survey 
discussion of current concepts of the physical origin and 
mechanics of hysteresis, eddy current and residual losses, 
by J. B. Goodenough of MIT’s Lincoln Lab, the effects of 
impurities and orientation were detailed by G. W. Wiener 
of the Westinghouse Research Laboratories. 

D-c properties of silicon-iron sheet are sensitive to both 
orientation and impurities. Poor orientation and impurities 
each have the effect of increasing hysteresis loss and de- 
creasing permeability. Impurities increase coercive force but 
orientation has comparatively little effect. Maximum per- 
meability and minimum coercive force can only be achieved 
by both reducing the impurities and proper orientation. 

A-c properties, in particular eddy-current losses, are struc- 
ture sensitive and can be lowered both by increased degree 
of orientation and increased impurity content. (Evidently 
some of the energy involved in static hysteresis loss due to 
impurities appears to be available for overcoming dynamic 
losses.) For optimum a-c properties, orientation is the more 
important variable to control. 

The core losses of oriented silicon iron are also adversely 
affected by bending—as in the winding of transformer cores. 
According to J. K. Stanley of the Crucible Steel Co. of 
America, bending stresses produce both elastic and plastic 
deformation of the sheet through elongation. Strain-relief 
heat treatment will minimize elastic strain by releasing ten- 
sile stresses, but does not relieve plastic deformation. Core 
loss increases from plastic deformation are greater for fine 
grain iron than for coarse grain. Partial recovery of initial 
magnetic properties can be accomplished by subsequent an- 
nealing—to a greater extent with coarse grains than fine 
grains—but full recovery cannot be realized. With deformed 
fine-grain sheet, annealing can even destroy the preferred 
orientation. 

Another loss consideration for silicon iron comes from 
the gradual precipitation of solute carbon and _ nitrogen. 
E. S. Anolick of the GE Transformer Dept., Pittsfield, pre- 
sented experimental evidence that this loss aging phenom- 


enon can be gauged by time-decay-of-permeability measure- 
ments taken at suitable intervals over several hundred hours. 
The rate of change of permeability with time bears a 
definite relation to loss aging and can be a useful tool to 
predict susceptibility to loss aging of various alloy lots. 

Aluminum-iron Alloys. These are being heavily in- 
vestigated in many quarters as non-strategic material sub- 
stitutes for high-nickel magnetic alloys.* Two separate inves- 
tigations were reported by D. Pavlovic, K. Foster and R. C. 
Hall of the Westinghouse Magnetic Materials Lab—one 
dealing with the effects of ordering on coercive force; the 
second with the relation of aluminum content to magneto- 
striction. 

Ordering was investigated for iron-aluminum alloys rang- 
ing from 10 to 20 per cent aluminum by weight. With 10 to 
14 per cent aluminum, lowest coercive forces resulted with 
slow or ordered cooling from above the transformation tem- 
perature of 500 C. Whereas in the 14 to 18 per cent range, 
lowest coercive force results from disordered cooling by 
water quenching with the minimum occuring around 17 per 
cent aluminum. For ordered cooling the cooling rate is the 
critical factor; for disordered cooling the soaking time and 
temperature control the final coercive force. 

Magnetostriction studies of the 5 to 30 per cent aluminum 
range show definite effects of alloy composition. Below 8 per 
cent aluminum the alloy is less magnetostrictive than silicon- 
iron, but magnetostriction increases with aluminum content 
to reach a maximum four times that of silicon iron at about 
22 per cent aluminum. While such data may tend to limit 
the suitability of the higher aluminum-irons for noise-free 
transformers, a potential application in magnetostrictive 
transducers is indieated for the 20-24 per cent Al alloy. 

Effects of Nuclear Radiation. Spurred by a growing 
military and commercial interest in the effects of nuclear 
radiation on the behavior of electronic and electrical equip- 
ment and components, an investigation of seven commercial 
core materials was carried out by the Naval Ordnance Lab- 
oratory using the nuclear reactor at the Brookhaven Na- 
tional Laboratory. Results were reported by R. E. Fischell, 
D. I. Gordon and R. S. Sery of NOL, as summarized in 
Table II. 


Cores were irradiated for 17 days at a neutron flux of 


(Continued on page 312) 


* For a recent partial survey of commercial activity with iron-aluminum alloys, 
see “Thermenol—A new Soft Magnetic Alloy.”’ Exvecratca Manuracroninc, No- 
vember 1956, p. 140. 


Table tl—Nuclear Radiation Effects on Typical Core Materials 
(after irradiation with 2.74 x 10°° neutrons per cm’) 
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D-C magnetic properties, per cent change | 


Test core 
structure | 4420 [imax 
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laminated | +815 —38 
laminated | +27 +17 -2 -06 
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16 Alfenol laminated | +34 +15 = —8 +75 


50-50 Nickel 
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+t Hp = field at which B, is measured 


AC magnetic properties, per cent change 
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Source: U. S. Naval Ordnance Laboratory, White Oak 
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Ferrites and Thin Films 


FERRITES—specifically ferromagnetic oxides—are widely used 
as soft magnetic core materials at high frequencies (with 
the exception of high coercive force barium ferrite 
BaO*6Fe,0, used in permanent magnets). Whereas metal- 
lic materials require laminating or powdering to reduce 
eddy currents, ferrites utilize their relatively high electrical 
resistivity to cut down losses. Ferrite devices have had wide- 
spread application since the announcement by J. L. Snoek 
of Philips Research Labs in 1946 of new ferrite materials 
that combined high permeability with high resistivity. How- 
ever these (by now) conventional ferrites suffer a sharp 
decrease in initial permeabilities and an increase in core 
losses at frequencies above a few hundred megacycles. This 
has limited much of their high frequency utility. 

New Ferrite Class. A dramatic moment of the Boston 
conference came with the announcement by H.P.J. Wijn of the 
Philips Research Labs of a new ferrite of novel hexagonal 
crystal structure which exhibits constant initial permea- 
bility and low core losses up to around 1000 megacycles, 
thus opening new areas for higher permeability 
application. 

In a paper by G. H. Jonker, H.P.J. Wijn and P.B. 
Braun it was reported that the new class of ferrites was 
created by firing Fe.0.,, BaO and oxides of Mg, Zn or Co 
in varying proportions. 


ferrite 


Figure 11 compares the initial permeability uw, of one of 
these new materials Co.Z (shorthand for BayCo. Fe. 404, ) 
to that of nickel ferrite. The initial permeabilities of both 
materials are nearly equal at the lower frequencies, but at 
1000 megacycles the permeablity of nickel ferrite approaches 
unity. while the permeability of Co.Z is substantially 
greater. Core loss studies of the new ferrites show similar 
higher frequency superiorities over conventional ferrites of 
the same initial low-frequency permeability. 

In essence the chemical composition of the new ferrites 
forms a basic hexagonal crystal structure—similar to that 
in barium ferrite permanent magnets, but with one im- 
portant difference. In the permanent magnet the easy direc- 
tion of magnetization is perpendicular to the hexagonal plane. 
But in the new ferrites the easy direction lies in the hex- 
agonal plane, so the magnetization can turn freely in 
this plane. This magnetic geometry leads to a ferroresonant 
frequency about 10 times higher than that of a conventional 
cubic ferrite with the same initial permeability, thus extend- 
ing the upper frequency limit of constant permeability by a 
factor of ten. 

Thin Films. Tremendous growth in the digital computer 
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Fig. 11—Initial permeability curves for new cobalt ferrite with 
almost ten times the constant permeability frequency range of 
conventional nickel ferrie of same low 


frequency initial 
permeability. 


field has led to demands for faster-acting lower-cost memory 
devices of greater capacity. One approach is to utilize the 
fast switching time, small space requirement and relatively 
simple evaporative processing needed with thin films of 
nickel-iron alloys. 

The possibilities for such thin-film coincident current 
memories were illustrated by R. L. Conger of the U. S. Naval 
Ordnance Lab in Corona, Calif. A flat thin film 2 x 10° cm 
thick and 1 cm square (of high nickel-iron evaporated onto 
glass directly from separate metallic ingredients in the 
presence of an orienting magnetic field) will have a demag- 
netizing field of only 0.1 oersted. If the film has a coercive 
force of 1 oersted or more, the demagnetizing field can be 
ignored, and the film will have a rectangular hysteresis loop 
even with an open flux path, as shown in Fig. 12 by typical 
loops taken at angles of 0, 45 and 90 deg with the direction 
of orientation. 

Thus a single memory bit can be constructed, as shown 

(Continued on page 314) 


Pickup loop 
“Magnetic film 
Fig. 13—Proposed single-bit construc- 


tion for thin-film coincident-current 
magnetic memory. 


Fig. 12—Hysteresis loops for thin nickel-iron films taken (A) in direction of orienta- 


tion, (B) at 45 deg and (C) at 90 deg to direction of orientation. 
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Magnetic Materials .. . 


Test Methods and Apparatus 


DEVELOPMENT AND TESTING go hand in hand. In fact a con- 
siderable portion of research time and money go into the 
design, construction and “debugging” of apparatus to meas- 
ure the properties under investigation. Much of this equip- 
ment is “one of a kind” to fit a particular study, but some 
of the apparatus so developed shows potential for practical 
application at the design and manufacturing level for ma- 
terial evaluation and selection. Among such test setups 
presented at the Magnetism Conference were an automatic 
comparison calorimeter for core loss measurements, a 
capacitive micrometer for magnetostriction and a d-c hyste- 
resigraph for flux measurements. 

Automatic Core Loss Tester. FE. R. Czerlinsky and 
R. A. MacMillan of the Air Force Cambridge Research 
Center, Bedford, Mass. described a simplified calorimetry 
method for core loss measurements that is ideally suited to 
pulse conditions—being independent of frequency and wave- 
form, and requiring no magnetic coupling other than an 
energizing coil. 

The basic test setup, Fig. 14, is designed to measure the 
watts dissipated in a sample core as a function of the rate 
of temperature rise of the oil bath in which the sample is 


Synchronous motors 


——Stirrers —— 


Ambient 
reference 


both 


Thermocouples 
—Oil both—— 
Test core 

Heoter— 


TG 
Cooling coil 


Fig. 14—Calorimeter setup for core loss measurements. 


Ta 
Temperature T —> 


Fig. 15—Shortcut approximation of rate 
of temperature rise (~ watts) at ambient 
temperature T,. 


submerged. Measurements are made by tracing temperature 
of oil bath (previously cooled below ambient) vs time on 
a recording galvonometer as core losses are being dissipated 
in the bath. Actual rate of heat dispersion is proportional 
to the slope (tangent) at the ambient temperature 7, of 
Fig. 15. Since the curve is nonlinear, a short-cut method with 
little error is to use as a measure the slope of the secant 
drawn through two points at equidistant temperature above 
and below ambient. 

Test is performed by first cooling the oil in the active 
jar below ambient. Then for calibration, power is applied 
to the heater alone and a time-temperature taken from 2 
deg C below ambient to about 2 deg C above. After recool- 
ing, the test run is made with power applied to the heater and 
the test core energized. Difference in secant slopes of cali- 
bration and test curves is proportional to watts dissipated 
by the test core. Measurements are reproducible within 
+2.5 per cent; overall accuracy is within +6 per cent — 
less if both jars are placed in a constant temperature bath. 
Above a threshold of about 1.6 watts heater power, the 
calibration curve is practically independent of applied power 
and one calibration is sufficient for a series of loss measure- 
ments. 

Where data are desired from a number of samples or 
multiple runs in quick succession, the basic test setup can 
be made automatic with a differentiating electromechanical 
servo system, Fig. 16. Here the speed of a motor generator 
and its tachometer generator output voltage is directly pro- 
portional to the rate of change of the temperature in the 
active jar. 

Calibration is accomplished by applying a known amount 
of power to the calorimeter heater and then adjusting the 
meter to correspond as jar temperature passes through 
ambient, which is indicated on an auxiliary dial. A cam 
switch is set to open when ambient temperature is reached 
during test runs. This in turn opens the grid of a vacuum 
tube in the meter circuit to hold the reading. 

Magnetostriction Micrometer, Practically every ma- 
jor manufacturer of distribution and power transformers is 
pointing considerable design effort toward elimination of 
noise as a method of obtaining higher power ratings with 
smaller transformers. This effort includes investigating for 
various core materials the alternating magnetostriction caused 
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Fig. 16—Servo system for automatic core loss measurements. 
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Oscillator 


trons. 


Fig. 17—Capacitive micrometer setup for 
magneto-striction measurements of Epstein strip 
samples. (Allis-Chalmers Research Laboratory 


photo) 


inductor 


Fig. 18—Oscillator unit; free end of strip sample acts as one plate of a 
magnetostrictively-varied capacitor. 


Fig. 19—(A) Distribution of 
magnetostriction values for 
5000 samples of grain-ori- 
ented silicon steel. (B) 
Variation in magnetostric- 
tion between strips taken 
essentially side-by-side from 


specimens 


the same sheet. 
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by 60 cycle sine wave magnetization of Epstein strip samples. 
But according to C. W. Little of Allis-Chalmers Research 
Laboratory, the time consumed per sample with conventional 
magnetostriction instrumentation has in the past prohibited 
any extensive surveying of manufacturing materials. 

In the past few years, however, testing time has been 
reduced to less than 15 min per sample, including sample 
mounting and a series of measurements, through the use of 
a specially designed capacitive micrometer, Fig. 17. Heart 
of the micrometer is an electronic oscillator unit whose 
circuit is shown in Fig. 18. The circuit utilizes a variable 
frequency oscillator feeding into 2g tuned circuit that con- 
sists of an inductor and an air capacitor formed by a fixed 
sensing plate and the free end of the suspended strip 
sample. Magnetostriction is then measured as a function of 
the energy absorbed by the tuned circuit as changes in 
capacity (due to changes in length of the sample in response 
to alternating flux densities ranging from 2 to 18 kilogauss) 
move the resonant frequency of the tuned circuit nearer to 
or farther away from the frequency of the oscillator. 

Without an amplifier the instrument produces an output 
of 1 volt for each microinch-per-inch magnetostrictive strain; 
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sensitivity is essentially uniform from d-c to 20,000 cycles. 
Range is adjusted to cover, continuously, strains of from 
1 x 10-8 to 1 x 10° in. per in. within an error of +1 x 
10-°—or around +2 per cent. Unit has required recalibration 
three times in three years, and was operated 24 hr a day for 
8 months with no apparent change in sensitivity. 

Using this apparatus, magnetostriction studies of some 5000 
specimens of grain-oriented silicon iron of one quality grade 
alone have been made. D. A. Wycklendt summarized some 
of the results obtained for those measurements of primary 
interest—namely those for 15,000 gauss peak induction at 
60 cycles in the rolling direction of the sheet. As shown in 
Fig. 19A, peak magnetostrictions range from —1 x 10 to 
+10 x 10-* in. per in., with more than half the samples 
exhibiting low negative magnetostriction. But variations as 
great as +50 per cent can exist between strip samples taken 
essentially side by side from the same sheet, Fig. 19B. 

Hysteresis Loop Tracer. Magnetic induction in re- 
sponse to applied fields is a tedious laboratory measurement 
—yet such measurements are an essential to development and 
evaluation of magnetic materials. Until compartively recently 

(Continued on page 316) 
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New Devices and Components 


ALTHOUGH THE INDIVIDUAL SCIENTIST is often other-than- 
commercially motivated, the generally accepted criterion for 
“successful” research is realized only in the application of 
new, improved or more efficiently utilized materials and 
techniques at the design and manufacturing level. After 21 
days of listening to scientific and metallurgical forecasts, 
the engineers took over to tell how they have transformed 
yesterday’s laboratory dreams into practical devices ranging 
from a simple current-and-voltage regulated saturable-reactor 
power supply to an all-magnetic digital computer to three 
high-speed ferrite memory devices of potentially unlimited 
capacity. 

Static Current-and-Voltage Regulator. Two dis- 
similar transformer cores and a capacitor, plus winding and 
insulating material and hardware, are the only components 
required for a new static regulator developed by A. T. 
Balint of the University of Buffalo to provide current and 
voltage output within 2 per cent of rating. 

The basic circuit is sketched in Fig. 23, a typical wiring 
arrangement in Fig. 24 and the flux curves in Fig. 25. The 
two dissimilar cores are wound with a series-aiding primary 
and a series-opposing secondary. The capacitance value is 
chosen to provide both a series-resonant circuit (relatively 
non-sensitive to changes in input voltage) and a parallel- 
resonant circuit (relatively non-sensitive to changes in input 
current). In addition the capacitor serves as a fixed reactance 
load to pull the level of magnetization into a predetermined 
region where one core becomes substantially saturated while 
the other may work in the neighborhood of its “knee”— 
thus eliminating the need for an air gap. 

In the circuit of Fig. 24 the capacitance and induction 
values are deliberately tuned to a “partial resonance” at the 
3rd harmonic to smooth out both output voltage and input 
current. And the core losses aid in flattening out the regu- 
lated region of output voltage. By proper choice of capaci- 
tance and induction valves to suppress the fundamental and 
reinforce the 3rd or any of a number of harmonics or sub- 
harmonics, a great variety of wave forms can be obtained. 

Crossed-Field Transductor. Whereas the conventional 
transductor requires two matched cores, each with a signal 
and an exciting winding, interconnected in such a manner 
as to cancel voltages induced in the signal winding by the 
exciting current, E. H. Frei and D. Treves of the Weizman 
Institute of Science, Rehovot, Israel) showed how ferrite 
materials could be used to form a single-cored crossed-field 
transducer. The crossed-field principle is not new, but earlier 
applications using metallic materials have either been limited 
by high eddy currents or difficulty of manufacture with 
laminations. 

As sketched in Fig. 26A, the new transducer is a hollow 
ferrite core with an exciting winding threaded along its 
axis and perpendicular to the signal winding so there is 


Exciting 
winding 


I 2 


Fig. 23—One of several basic circuits for static current-and- 
voltage regulator utilizing both series and parallel resonance 
paths of capacitor partially “tuned” to dissimilar cores. 


essentially zero mutual induction between the two windings 
A typical application is the 1-50 ma de clip-on milliammeter 
of Fig. 26B, C. The probe is made of two identical but 
opposing U-shaped ferrite pieces. A 1-mm hole was drilled 
longitudinally through the bases of the U pieces to accom- 
modate the exciting winding. An output coil of several 
hundred turns was wound on each half core. The halves 
were mounted on pincers for positioning around the wire 
to be metered. Exciting current is supplied by a 10-ke 
oscillator to give a 20-ke (2nd harmonic) suppressed- 
carrier-modulated output voltage which is amplified, phase- 
detected and negatively fed back to increase linearity and 
gain stability. 

Other applications for the crossed-field transductor include 
static tape-reading heads and high-sensitivity microphonic or 
displacement-measuring devices. 

Microwave Switch. The last few years have seen re- 
discovery, but first commercial applications, of the Faraday 
effect—an optical phenemonon based on the angulation 
of a polarized cylinder of transparent material to separate 
and channel light waves travelling through the cylinder in 
opposite directions so as to avoid interference between them. 
This effect can be duplicated for microwave transmissions 
using cylindrical rods of ferrite mounted on the axis of a 
cylindrical wave guide, and has been utilized in a host of 
microwave isolation and switching devices. Following a 
thorough discussion by C. L. Hogan of Harvard University 
on the theory and application of the Faraday effect, J. A. 
Weiss of Bell Labs showed how some of the limitations of the 
Faraday effect could be utilized for a fast response micro- 
wave switch requiring a relatively small control field. 

A typical Faraday switch is shown in Fig. 27, composed of 
two rectangular-to-cylindrical-transducers and a cylindrical 
guide with a ferrite core longitudinally magnetized by a 
solenoid. With the output wave guide fixed in the same 


Fig. 26—Crossed-field transductor: (A) basic construction as a hollow ferrite toroid; (B) formed as a clip-on d-< milliammete: 


probe for the circuit of (C). 
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Material Specifications: 
laminations: Allegheny-Ludlum UI-BJ, gage 29 
core a: USS-80 Silectron or equivalent 
core b: ordinary transformer “C” core 
primary N;: 225 turns of No. 16 E wire 
secondary Na, Nb: 1000 turns of No, 23 E wire 
capacitance C: 4 F (400 v a-c) 
total weight: 11 lb without end bells 


Operating characteristics: 
input voltage Vi: 115 + 15 volts a-c 
output voltage V2 : 750 volts + 2 per cent 
output current Io : 0.333 amp + 2 per cent 
rated load: 250 watts (may vary substantially) 
efficiency and power factor: better than 80 per cent (p. f. 
leading) 
wave distortion: approximately 5 per cent at rated load 


Fig. 24—Construction details of typical static regulator. 


orientation as the input guide, maximum transmission occurs 
when the ferrite is unmagnetized. The application of a 
longitudinal field will cause an interaction between the ap- 
plied field and the microwave input that cause a circular 
polarization or rotational effect through the ferrite rod. If the 


(Continued on page 298) 
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Fig. 27—Typical Faraday microswitch and components, includ- 
ing small ferrite cylinder for rotation of microwave trans- 
mission, input and output rectangular waveguides, rectangular- 
to-circular transducers and solenoid for controlling ferrite 
rotation. (Bell Laboratories photo) 
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} 
Fig. 25—Wave form of combined fluxes (¢, — ¢%») of dissimilar 
cores in circuit of Fig. 23. 
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Fig. 28—Transmission characteristic of narrow-band Faraday 
switch designed for cutoff with small angular rotations (90 deg 
required for conventional switches) . 


Table Ill—Narrow-Band Faraday 
Switch Performance 


Applied field | Angle of rotation Insertion loss 
oersteds | degrees 


0 | Ses 0.2 
10 | 20 30 
50 | 90 | 45 
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Resistor Evaluation 
for Critical Applications 


The general practice of assigning toler- 
ance and power ratings to resistors with- 
out regard to stability during operating 
life is of doubtful significance and is 


often a source of misinformation to 


equipment designers. A proper approach 
to specifying and derating resistors for 
specific applications is presented, with 
MIL-R-10509A resistors used as an ex- 


ample. 


ROBERT DAVIE 

JOSEPH P. GEHEGAN 

A. A. ANDRIOLO 

Supervising Electronics Scientists 
Instrumentation and Control Component Section 
Nava Mareritat LaBoratory 

New York Naval Shipyard, Brooklyn 


THE TERM “TOLERANCE” used in reference to resistors in 
military specifications and other technical documents 
pertains solely to the initial resistance as compared to 
an arbitrary nominal or rated value. This term properly 
implies little or no measure of stability or stamina but 
is intended merely to inform the designer, engineer or 
technician how closely the resistance of a resistor of a 
particular type (measured at room temperature) agrees 
with the nominal value at the time of manufacture. 

The performance characteristics of resistors are such 
that, in the design of reliable equipment, allowances 
must be made in the circuitry to ensure satisfactory 
operation, with drifts from the initial resistance value 
of at least 3 per cent (and in many cases up to 20 per 
cent) regardless of initial tolerance. 
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This drift is considered the “stability” as distinct from 
the “initial tolerance.” This definition appears to con- 
tradict the meaning of stated resistor tolerance; none- 
theless, consideration of drift is mandatory in estimating 
long-term stability. For short-term stability the 3 per 
cent figure may be modified somewhat. A short form 
presentation of drifts which may be expected on a long- 
term basis for resistors randomly selected from a military 
qualified products list is shown in the table. Column C 
figures represent the possible cumulative deviations as 
a result of several years of operation in military electronic 
equipment and the figures in columns D, E, F, G and 
H represent the major factors and the degree to which 
they affect stability. A further discussion of these drifts 
is included in the boxed summary. 

Another consideration in the choice of resistors is 
“stamina,” or the ability of the resistors to withstand 
transients of voltages and long exposures to equipment 
internal temperature rise without catastrophic failure. 
Very little definitive information is available regarding 
this aspect of reliability; however, as an_ illustration 
consider the relative vulnerability of fixed wire wound, 
film, and composition resistors in respect to “open cir- 
culating” as a result of overload. Although wire-wound 
and film types have inherently superior stability when 
used within their ratings, they are subject to opening 
completely under power surges not too far above ratings. 
Composition resistors, on the other hand, have been ob- 
served which were overheated to a degree resulting in 
charring but still remained physically and electrically 
intact, and continued to function as resistors albeit at 
values which were different from their stability ratings. 
Where continuous operation of equipment during emer- 
gency is mandatory, and fidelity or full output is second- 
ary, designers should carefully consider this characteristic. 
Some additional factors which must be considered are 
as follows: 

1. A resistor of small physical size may have been 

correctly derated in accordance with the maximum am- 

bient temperature developed in the equipment and yet 
he misapplied. For instance, the heat conductive leads 
of a small resistor may be connected to a heat-source 
such as a power type resistor developing temperatures 
greatly in excess of the ambient air, thereby raising 
the temperature of the small resistor to a dangerous 
level. (E.g., a 0.5-watt composition resistor is rated 
with the consideration that a large amount of heat, 
often more than one-half its wattage, will be dis- 
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sipated through the terminal leads to a heat sink.) 

This condition should be avoided by proper arrange- 

ment of the wiring to insure the resistor leads are 

connected to another part which is at a temperature 
known to be below that of the resistor body. 

Equipment which is expected to operate with high 
accuracy in extremes of either or both high and low 
temperatures should be supplied with resistors which 
have been critically chosen. The selection of these 
resistors should be based on their variations due to 
temperature coefficients referred to room temperature 
values and on recognition of long-term drift resulting 
from all other causes. 

To summarize, resistor selection should be based pri- 
marily on the stability requirements and stamina; initial 
tolerance should be considered only on the basis of costs, 
where stability requirements are sufficiently wide. 


Derating For Specific Applications 


The following hypothetical case is limited to the type 
of resistor covered by Specification MIL-R-10509A. For 
example, a design engineer determines the need of a de- 
posited carbon resistor, having the following character- 
istics: the d-c resistance must be 97,600 ohms +1 per 
cent, the resistor must be capable of dissipating 0.5 watt 
over the temperature range of —55 to 80 C. Under the 
present system of rating, a resistor labeled: 

Nominal resistance 97,000 ohms 
Tolerance + 1 per cent 


Power rating 0.5: watt 


would fall far short of meeting the design engineers re- 
quirement for the following reasons: 

1. In accordance with the derating curve of the spe- 
cification, a maximum of only 50 per cent of rated 
power may be applied at an ambient temperature of 
80 C. 
2. The resistance tolerance +1 per cent of 97,600 
ohms is meaningless for any practical application, 
since the particular specification requires the resistor to 
be within its stated tolerance only under the following 
conditions: 

(a) The maximum d-c measuring potential shall be 

30 volts. (This is equal to 1.84 per cent of rated 

power for a 97,600-ohm 0.5-watt resistor. ) 

(b) The maximum time that the measuring poten- 

tial can be applied is 5 sec. 

(c) Measurements to be made at 25 +2 C. 
3. Using the most stringent temperature coefficient 
(—0.03 per cent/deg C), a decrease of 1610 ohms or 
1.65 per cent from the initial resistance value can be 
anticipated at 80 C, as a result of the 55 deg rise. 
A further decrease in resistance can be anticipated 
from additional temperature rise of the resistive ele- 
ment when the resistor is subjected to a load potential. 
The magnitude of this deviation can not be determined 
from information contained in the specification. In 
this case, assuming a conservative average rise of 
15 deg in the resistive element and applying the —0.03 
per cent/deg C temperature coefficient, an additional 
decrease in resistance of 439 ohms may be anticipated. 
The total resistance deviation from the initial value 
is now approximately 2 per cent. 
4. Again employing the temperature coefficient and 
allowing for a 15-deg rise in the resistive element, 
it is found that the resistor may exceed its positive 
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tolerance when subjected to ambient temperatures of 

23 C and below. 

The design engineer can avoid the 50 per cent 
power input limitation at 80 C by selecting a 1-watt 
resistor. However, inasmuch as a safety factor of 
at least 2 is mandatory he is required to at least 
double his wattage requirements and think in terms 
of a 2-watt resistor to fulfill his needs. 

Obviously all of these factors must be taken into con- 
sideration when selecting a resistor for a specific appli- 
cation. However, for the purpose of this article, the 
technical treatment will be limited to, 

Derating technique. 

b. Factors directly related to reliable operation at 

high ambient temperatures, and derating considera- 

tions for resistor applications where small deviations 
are of paramount importance. 

The derating curves shown were obtained for specific 
resistor type by a technique based on a constant resist- 
ance value under load. The ambient temperature of 70 C 
at which 100 per cent rated wattage may be applied, 
curve D, is the maximum temperature at which the spe- 
cific type resistor will operate with reasonable stability 
(+ 1 per cent deviation from initial value) for a 1000 
hr period of cycled load life. This temperature was deter- 
mined experimentally. 


The point of zero power input 
(85 C) 


reflects the maximum ambient temperature to 
which the resistor type may be subjected without deviat- 
ing from the value recorded for full load operation at 
70 C. Accordingly, the resistance can be considered con- 
stant at any point along this curve. (The fact that curve 
D indicates the maximum ambient temperature of opera- 
tion as 85 C should be construed as a characteristic solely 
related to the specific resistors used in this study. 


The usual derating curve, such as Fig. 1 of Specifica- 


(Cross-hatched area) Derating area for operation 
within limits of +3 per cent from nominal. 
Derating area for operation within limits of 

+3 to -—4 per cent from nominol. 


Derating area for operation within limits of 
+3 to —5 per cent from nominal. 





Per cent rated wattage 


0 
-20 -10 10 
Ambient temperoture, deg C 


20 30 40 50 60 70 80 90 


Typical derating curves for a 2500-ohm 0.25 watt deposited 
carbon resistor. 
























































































































































































































Estimated | Possible 
probable cumulative 
Available deviation deviation 
4 | tolerance | from initial | from initial 
Resistor class (per cent) | value (a) value (b) 
eh Oe. eS c 
Fixed composition 4 5, 10 20 | 26 or 
(MIL-R-11B) (k) (¢) (k) 
= | — — — 
Fixed film ce 6 | 8 
(MIL-R-10509B) (c) 
(d) | 
Precision wire wound 0.1, 0.25, | 2.5 3 
(MIL-R-93A) | 05,10 | (ec) (e) 
Power wire wound | 5 | 10 16 
(MIL-R-26B) | -(e) (9) 




















(a) Estimates based on individual test results during qualification approval 
evaluations at the Navy Material Laboratory. The estimates in column B are 
basd on expected deviation as a result of several thousand hours of operation 
in military equipment. 

(b) Since resistors operated in military equipment may be subjected to 
environmental conditions, the percentages shown reflect the possible cumulative 
effect of the individual tests. However, in general, it can be said that 
deviations in resistance as a result of certain environment conditions are in 
& positive direction while other conditions cause a deviation in the negative 
direction. Some changes are permanent while others are of a temporary nature. 
(c) Based on a safety factor of 50 per cent of rated wattage at an ambient 
temperature not exceeding 70 C. Additional derating is necessary above 70 C. 
(d) Based on Characteristic “‘A” of the specification (boron carbon element). 
(e) Based on temp. coeff. symbol “E” of the specification. (Ambient of 70 C 





tion MIL-R-10509A may be assumed to mean that (1) the 
resistance will not change appreciably as a result of 
operation along the curve and (2) the resistance will re- 
main within the tolerance claimed by the manufacturer. 

Assumption of (1) is true only if the curve is based 
on constant resistance. Assumption of (2) is incorrect 
inasmuch as the deviation in resistance is a function of 
operating temperature, and the per cent load applied. 
Accordingly, the resistors used in this study when op- 
erated in an ambient of 70 C or higher, when derated in 
accordance with curve D, will deviate in resistance ap- 
proximately from 0 per cent to —6 per cent for the 
first 1000 hours instead of the initial tolerance as marked. 
A design engineer using this curve in accordance with 
the applicable formula presented below can determine 
the maximum per cent deviation from nominal for any 
given ambient temperature with proper voltage applied. 

The resistance deviation limits for resistors operated 
within the limitations of curve D can be calculated by 
the use of the following formula: 


A = TC(AT — 25) = RT 
where: a ee f 
= per cent deviation limits from nominal 
TC = temperature coeflicient in per cent per deg C 


(with proper sign affixed) 
RT = resistor tolerance in per cent 


AT = ambient temperature in deg C corresponding 
to 0 per cent rated wattage. (For this example 
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is 15 deg less than max. permissible for 100 per cent rated wattage (85 C) ; 
at 85 C drift would be slightly greater. 

(f) Based on 1.0 per cent tolerance; lower tolerances require further derating 
(See Table III of MIL-R-93A). 

(g) Based on Characteristic “‘V"’ of specification, (surface hot-spot of 350 C 
Actual deviations will exceed values indicated since the temperature of the 
wire will exceed the surface hot-spot temperature. 

(h) Drift is based on 86 per cent of power input at 70 C, since derating starts 
at 25 C. [Value of 86 percent obtained on a basis of 350 C surface (hot-spot.) | 
(i) Safety factor is 50 per cent of rated value (43 per cent) at 70 C 

(j) Estimated load life data not available. 

(k) Based on a nominal resistance of 120,000 ohms. Higher values will indicate 
greater resistance deviations while lower values indicate lesser deviations. 





the value is 85 C and represents the ambient 
temperature corresponding to zero per cent 
rated wattage as shown in curve D.) 


To illustrate the use of the above equation, consider the 
characteristics of the resistors employed to establish the 
derating curve D and the ambient temperature at 0 per 
cent rated wattage, i.e., 


TC = — 0.05 
RT = 2 per cent 
AT = 85 C 


Substituting, the following are the results: 


A = — 0.05 (85 — 25) = 2 
A = 1 per cent; — 5 per cent 


7. If a deviation of —5 per cent cannot be tolerated, 
a derating curve can be determined for operation 
within the desired maximum deviation wherein the 
ambient temperature will be at a value lower than 
85 C. This temperature, for 0 per cent load, can be 
determined by the following formula: 

when A is positive, AT—A+25TC—RT/TC 

when A is negative, AT=A+25TC+RT/TC 


where A=Maximum tolerable deviation from nominal in per cent 
and the other symbols are as before. 


To illustrate the use of the above equation, let it be 
assumed that a design engineer can tolerate a maximum 


ELECTRICAL MANUFACTURING 








Drift Factors Evaluated 


Composition resistors of 5 per cent tolerance may be 
expected to drift up to 20 per cent, and accurate wire- 
wound resistors of a tolerance of 0.1 per cent, up to 
2.5 per cent of their initial values. These changes are 
due to many factors depending on application and 
usage, including: 

1. Temperature of the element reflecting the tem- 

perature coefficient and affected by both wattage 

dissipation and a build up of equipment temper- 

ature, with the temperature ranging as low as —55 

C at the start to 70 C at the stabilized value (see 

column E in table). 

2. Recurring cycles of conditions described in para- 

graph above, can affect the long-term stability to a 

greater degree, and these changes generally become 

permanent. The drift varies with loading and en- 
closure temperature (see column B in table). 

3. Continued exposure to cycles of moisture as 

present in equipment during “off” periods. (see 

column F in table). 

4. Changes encountered in the installation due to 

soldering (column H in table). 


Many of these effects are considered in the Applica- 
tion Design Notes (Electronic Components) * which is 
a good guide to design practice. It should be noted 
that in this document, the wattage is derated by a 
factor of 1.5 to 2 for low ambient temperatures (25 
C or 40 C) and derated up to a factor of 8 for higher 
temperatures more representative of internal equip- 
ment ambients. For resistors in military equipment 
it is advisable to apply a derating factor correspond- 
ing to 70 C (as a minimum) on the curves in Appli- 
eation Design Notes. This allows a 20 deg C rise inside 
the equipment, over a maximum equipment ambient 
of 50 C. 


resistance deviation of —4.0 per cent from nominal un- 
derload and desires to determine an operational curve 
which will meet this requirement. Inasmuch as: 
TC = — 0.5 and 
RT = 2 per cent 
substituting these results: 
on Se 4+ 25 (-— 0.05) + 2 
— 0.05 
Therefore, 65 C represents the ambient temperature for 0 
per cent rated wattage. Accordingly, the curve is con- 
structed by drawing a line parallel to curve D, starting 
at 65 C, as shown in curve C. 

As a further illustration of the method employed to 
construct additional derating curves, let it be desired 
to determine the limits of operation for a resistor where 
resistance deviations in excess of +3 per cent from 
nominal rannot be tolerated. Assume the resistor toler- 
ance is 2 per cent and the most liberal requirement for 
temperature coefficient is —0.05 per cent per deg C. To 
attain this result it is necessary to find two derating 
curves; one for the positive limit and the other for the 
negative limit. The area between these two boundaries 
will then be the working area of operation. Using the 
same procedure and calculating the two ambient tempera- 
tures at 0 per cent rated wattage there results, 


= +65 ( 
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For the negative limit: 


3 + 25 (— 0.05) 
0.05 
For the positive limit: 


ir = +3 4+25¢ 


0.05) 
0.05 


Starting at the respective calculated ambient tempera- 
tures, of 45 C and 5 C draw two lines (curves A and 
B), parallel to curve D. Operation in the area defined 
by curves A and B will assure that a deviation of +3 
per cent from nominal will not be exceeded. 

The following expressions are based on the constant 
resistance method employed for derating, and a con- 
stant slope resulting for all derating curves. 

When A is negative, 
PRW=TC (25—OAT) 4 + (RT) / 0.15 (TC) qd) 
when A is positive, 
PRW=TC (25—OAT) +A -RT 
where: 

OAT = Operating ambient temperature in deg C 


PRW = per cent rated wattage applied 
Solving for A: (2) 


A = (0.15 (PRW) (OAT) — 25) (TC) = (RT) 


0.15 TC 


To insure a permanent change in resistance no greater 
than 1 per cent after 1000 hr of operation, observe the 
following limits for both equations, 


PRW, 0 to 100 per cent 
OAT, 25 to 85 C 
The following example will illustrate the use of above 
equations: 
a. Let it be desired to know the maximum per cent 
rated wattage that can be applied if 
1 = — 5 per cent 
TC = — 0.05 
RT = 2 per cent 
OAT = 75C 
Substituting in Eq. (1) 
PRW = —9.% @5 — 7) 
0.15 ¢ 0.05) 
= 66.6 per cent 


b. Let it be desired to know the per cent deviation 
limits from nominal if 
TC = — 0.05 per cent 
RT = 2 per cent 
OAT = 75 C 
PRW = 66.6 per cent 
Substituting in Eq. (2) 
A = [0.15 (66.67)] + 75 — 25) (—0.05) + 2 
{ — 1 per cent; — 5 per cent 
The derating curves shown herein are applicable only 
to the particular resistors under study. However, the 
techniques described may be generally applied for de- 
termining derating curves for other types of resistors. 
It should be noted that the deviations discussed are 
solely as a result of loading and do not reflect other 
permanent changes in resistance likely to occur as a 
result of operation in military electronic equipment. To 
compensate for permanent resistance changes conven- 
tional safety factors should be applied. Oo0O°O 
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Fig. 1—Left. unidirectional accelerometer; right, tri-directional accelerometer. 


Instrumentation Notes for Shock Tests 


1. Measurements of Shock and Vibration under 


Extreme Environmental Conditions 


Types of vibration pickups are described 
together with factors to be considered in 
their selection for specific applications. 


Several examples are presented. 


ARTHUR C. DIECHMILLER 
M B Manuracrurine Co. 
New Haven, Conn. 


ONE OF THE MAJOR PROBLEMS confronting military 
equipment manufacturers is the inadequacy of present 
instruments to measure some of the serious environmental 
conditions under which components and equipment must 
function. Requirements of the aircraft industry have been 
far ahead of the instrument manufacturers’ progress in 
coping with the new programs in military weapons, 
namely the intercontinental missiles and the long-range 
warhead type ballistic missiles. It was found that both 
high-frequency accelerations and high-temperature en- 
vironment would be generated by uneven burning of fuel, 
by high intensity sound fields, by the ever increasing 
speeds, and also by sharp impacts against highly rigid 
devices. This particular problem directly emphasized the 
need for extending the operating frequency range and 
temperature range of presently existing accelerometers. 

Until recently the frequency range of importance was 
considered to extend to approximately 5000 cps. How- 
ever, rapid progress of the aircraft industry has increased 
the frequency response requirements to at least 20,000 
cps. Design information is needed in order to protect 
air frames and components from damage that might 
occur as a result of high-frequency acceleration levels. 
Simultaneously, the accelerometer operating temperature 
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ranges desired include continuous operation at 500 F 
without external cooling. In the near future the demands 
of even higher temperatures are being sought with levels 
as high as 1000 F being considered. 

Until a very short time ago the operating temperature 
range of available piezoelectric transducers was limited 
to from —40 to +180 F. This limitation was primarily 
due to the nature of the early piezoelectric ceramics 
which had a Curie point in the neighborhood of 120 C, 
above which operation as a piezoelectric element was not 
possible. Therefore, the first approach was research on 
the inherent properties of the ceramic. Gulton developed 
a high-temperature ceramic having a Curie point well 
over 600 F. This assured that the piezoelectric effect 
would be maintained to 500 F without any difficulty. 
Because the accelerometer developed around the new 
ceramic utilizes a bender type of seismic system which 
requires bonding the piezoelectric ceramic to the seismic 
mass, it was a difficult problem simultaneously to obtain 
both the proper material for the seismic mass and to 
produce a rigid bond. 

Figure 1 shows two types of high-temperature accele- 
rometers. The tri-directional unit is enclosed in a single 
housing occupying less than 1 cu in. and weighing about 
1 oz. Both of these accelerometers have approximately 
the same characteristics, which are as follows: 

resonant frequency. 60 ke 

useful frequency range, 50 to 20,000 cps 

temperature range, —65 to +450 F 

acceleration range, 1 g to 2000 ¢ 

linearity, + 10 per cent variation in sensi- 
tivity at the highest temperature range 

housing material, titanium 


\ cable was developed for high-temperature operation. 
Special calibrations up to 20 ke at room temperature 


are available in addition to calibrations at 450 F from 
20 to 2000 eps. 

It was found that, in attempting to attain a true flat 
frequency response over the specified range, mounting 
resonances are the main problem. For many years Gulton 
Industries, Inc. has utilized, in all of its accelerometers, 
a seismic system that is completely isolated from the 
housing. Two fundamental designs are used: 

1. The Glennite* mushroom, where the bend- 
ing of the armature system resembles an opening 
umbrella, and radial stresses are set up. 

2. Center supported cantilever. 

In both instances of the above, since the piezoelectric 
ceramic is not in intimate contact with the case, it has 
several distinct advantages over compressional type units. 
First, with all other characteristics being equal, the bend- 
ers can be made more sensitive per unit volume than an 
equivalent type compressional unit. Second, the benders 
lend themselves much better to the isolation of housing 
resonances and in fact, in most cases the bender resonance 
will be the accelerometer resonance. In a compression 
type unit, the mounting becomes a very critical problem. 
Since the ceramic element rests directly against the case, 
any distortion of the housing will result in distorting the 
crystal the same amount, thus causing an erroneous read- 
ing. Third, compression type accelerometers are highly 
susceptible to case distortions which generate output sig- 
nals from effects other than acceleration. An example of 
this is response to high dynamic pressure variations and 


*Registered trademark 
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Fig. 2 
quency response. (Glennite Model A391) 


Sensitivity 

Capacitance 

Resonant frequency 
Useful frequency range 
Acceleration range 
Movement 
Temperoture range 


75 mv/g 

1000 ppt w/4 ft. cable 

60 ke 

3 to 20,000 cps 

1 20 20009 

Blender 

Less than2iO per cent variation 
from -45 to +85C 

Detachable C5 tow noise 

cable, 38 ppt/ ft. 


Special calibrations up to 
20 ke available 


Absolute 
calibration 


Cable 


Calibration 


Absolute 
displacement 
measurement 


Open circuit sensitivity, mw/g 


10,000 


25,000 
Frequency, cps 


2—High-frequency accelerometer characteristics and fre- 


E"> 
» Vibration 
generator 


First Second Third 
measurement moesurement measurement 


6 ws we 
3 Pr =V"= =e 
“Z,tZptz 2 Sv, 


Combining equations 12,3 


5. jWSo=Sy 


E\ = Open circuit voltage from accelerometer 
I! = Current input measurement 
Z, =Mechanical impedance of transducer base 


Z =Mechanical impedance of known mass 
inserted between two units 


Fig. 3—Calibration of high-frequency accelerometers by the 
reciprocity technique. S is sensitivity factor. 
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INTERFEROMETER TECHNIQUE 
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high acoustic sound fields which are generally encoun- 
tered in missiles and aircraft. Specifically, the sensitivity 
per unit pressure of many of these compression acceler- 
ometers is of the order of magnitude of 2 g error per 
psi. In bender type units, the response to high pressure 
variations is less than 0.001 g error per psi. 

The actual characteristics of these new high-frequency 
piezoelectric accelerometers are shown in Fig. 2 along 
with a typical frequency response curve. 

Cables having high flexibility, low capacitance, small 
size, and good low noise characteristics are essential for 
use with the piezoelectric accelerometers. 

The most common cause of self-noise generated in 
cables comes about due to a build-up of static charge on 
the outer shield as a result of friction between the dielec- 
tric insulator and the shield. When the cable undergoes 
shock, vibration, or high transient pressures spurious 
voltages may be produced which may be inadvertently 
mistaken for an acceleration signal. In the construction 
of a good low-noise cable, the self-noise generation can 
be greatly minimized if a bonded conductive coating is 
placed on both the inner and outer surfaces of the di- 
electric insulator, thus preventing any charge from build- 
ing up on the shield and producing unwanted voltages. 
In cable especially designed for use with high-frequency 
accelerometers, Teflon is fused directly to the inner con- 
ductor and the dielectric. A conductive coating is bonded 
on the outer dielectric insulator and then a silver plated 
shield with a soft thick vinyl completes the cable assembly. 

Because different laboratories use different setups for 
calibration, they cannot correlate their calibration data 
with the manufacturer of the instrument or even within 
their own laboratories. Extreme care must be exercised in 
calibrating especially at the higher frequencies, where 
a component of a vibrator may break into resonance and 
produce nonlinear effects. Three methods are presently 
employed for high-frequency (5 to 20 kc) calibration and 
are classed essentially by the techniques of vibration 
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1. 1 = K(I+c0s 2X) 


; surface x 


A. =5461 A°=5461 x 10° cm 


Fig. 4 (left—Prineciples of ac- 
celerometer calibration by the 
interferometer technique. 


a 104 [1449(2F4) ce (en ¥)) 


Fig. 5 (right)—Piezoelectric vi- 
brator construction and _fre- 
quency response curve. 


excitation: the reciprocity method, the electromagnetic 
vibration technique, and the piezoelectric vibration tech- 
nique. 

Briefly, the reciprocity technique illustrated in Fig. 3 
consists of three fundamental measurements. In the first 
measurement, two accelerometers are placed in tandem 
and the open circuit voltage of each unit is recorded. In 
the second measurement, the accelerometers are removed 
from the vibrator and fastened back to back; one acceler- 
ometer is electrically driven and the open circuit output 
voltage of the second accelerometer is recorded. In the 
third measurement, a known mass is fastened between the 
accelerometers and again one accelerometer is electrically 
driven and the open circuit output of the second accele 
rometer recorded. 

With these three measurements it is possible to obtain 
a sensitivity factor which can then be converted to open 
circuit voltage per unit acceleration. This system has 
given accurate results of better than 3 per cent up to 
10,000 cps. However, this particular method is not a 
feasible system for production quantities because it is 
time consuming, and extreme care must be maintained 
at all times. It is also not generally used because the 
method is limited to special types of accelerometers. 
namely compression types, where it is important that the 
crystal be in intimate contact with the case. 

Electromagnetic shakers which have nominally flat 
frequency response up to 935000 cps are regularly 
available. One limitation of a vibrator of this type is a 
method of obtaining an absolute calibration at the higher 
frequencies. Extensive studies into calibration error have 
made it possible to calibrate production accelerometers 
within + 3.5 per cent up to 1200 cps. Of this, at 50 cps. 
1.5 per cent is due to a displacement error; 1.5 per cent 
is due to meter accuracy, and the limitations of reading 
the meter; and the third error is due to frequency and 
is approximately 0.5 per cent. This 3.5 per cent accuracy 
is guaranteed by taking optical calibrations at the low 
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Inertia piezo vibrator 
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frequencies, namely from 20 to 140 cps, and at the higher 
frequencies by using an accelerometer that has been 
especially calibrated from 800 to 9000 cps on a crystal 
vibrator. A crystal vibrator consists of a stack of disks 
and two end plates made of titanium for the mounting of 
accelerometers under test. These disks are firmly bonded 


together and electrically connected in parallel and driven 
with a power amplifier. The end plates have two standard 
built-in high-frequency accelerometers with which to 
compare the unit under calibration. 

Recently a new method for absolute calibration at the 
higher frequencies, namely the interferometer technique, 
has been developd. Briefly, this method consists of the 


use of an ordinary Michelson Fabry Perot inter- 
ferometer which is so set up that, by placing one of the 
mirrors on the vibrating crystal stack, it is possible to 
obtain the proper fringe patterns. When the crystal vi- 
brator is excited with a voltage, thus causing the mirror 
to vibrate at a specific peak amplitude, the fringes will 
disappear very sharply. Presently this complete test sys- 
tem is commercially available and consists of a packaged 
interferometer designed for use with Gulton crystal vi- 
brators and a double integrating driver amplifier for 
providing a constant acceleration output with frequency. 

Figure 4 shows the principles of operation of the inter- 
ferometer technique. In this illustration, / is the intensity 
of the light, and K is the illuminating intensity. Using 
this technique, it is possible to obtain interference pat- 
terns which are composed of straight lines or bands as 
shown at the lower left. The intensity of the light of 
this pattern is 50 per cent transmission of the half- 
silvered surface and is given by: 


[=K + cos 22%) (1) 


A movement of one of the mirrors B or D in the direc- 
tion of the light path by an amount r causes a change in 
the light path of amount 2r and a shift in the position of 
the pattern by an amount X’ so that the ratio of 2r 
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to the wavelength A of the light used is equal to the ratio 


XY’ toh: 
(2) 


Thus when one of the mirrors vibrates sinusoidally with 
a frequency / and a peak amplitude r,, its position is 
given by: 

Sr =r, sin wt where w 2af (3) 
Therefore, the average intensity of any 


position x 
with a peak amplitude of X’ is given by: 


In evaluating the integral we obtain: 


1-K(i+s)4** cos 242 
oN h 


where J, is the bessel function of zero order. 
It should be noted that J, is dependent only upon the 
peak amplitude of vibration r, and the wavelength A of 


fqve 


the light source. Thus if J = 0, then the fringe 


pattern disappears and only the illuminating intensity 
K will be present. This is due mainly to an averaging 
effect of the intensity over the whole field of view. 

The first one of two roots of J, — 0, are tabulated at 
the bottom of Fig. 4, for a wavelength of light A 
5461 A. Therefore, it will be noted that the first fringe 
disappearance corresponds to a displacement of 4.09 » 
10 in. utilizing mercury light which has a wavelength 
of 5461 « 10° cm. 

In utilizing the fringe disappearing method, it is pos- 
sible to get absolute calibration from 800 to 20,000 cps 
with an actual displacement method. These displacements 
correspond to approximately 4 microinches. The overall 
accuracy within this frequency range is approximately 
10 per cent. In the actual calibration a small 0.25-in. 
mirror is cemented at the center of one of the vibrator 
stack end plates and interference fringes are then set up 
with no excitation applied. The oscillator voltage is then 
applied and increased until the fringe disappears. Thus, 
at the first disappearance we know that the displacement 
is 4.09 x 10~—* in. A schematic section of the crystal stack 
is shown in Fig. 5 along with a linearity curve. 

The method of high-temperature calibration is fairly 
straightforward. Calibration from 20 to 2000 cps at 
elevated temperatures can be performed using an exten- 
sion arm on the vibrator. The extension arm must have 
provisions for cooling and the accelerometer should be 
mounted on a material that is thermally isolated. The 
extension rod is put in an oven and the temperature 
brought up to its specified value. Care has to be taken 
to prevent lateral whipping. 

At the present time there are no methods available for 
obtaining high-frequency, high-temperature calibrations. 
However, with continued development of new high- 
temperature ceramics, it is entirely feasible that a high- 
temperature piezoelectric vibrator can be constructed with 
high-temperature monitoring accelerometers that will be 
able to provide this information. In this test, the crystal 
vibrator would be put directly in the oven so that every- 
thing would be maintained at the same temperature and 
the true frequency response could be obtained. © O O 
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instrumentation Notes for Shock Tests 


2. How to Select Electromagnetic 


Vibration Pickups 


Design features and applications of vi- 
bration pickups for high-frequency vibra- 
tion testing at high temperatures are 
described together with several calibra- 


tion techniques. 


A. W. ORLACCHIO 
Gutton Inpustries, INc. 
Metuchen, N. J. 


BECAUSE IT IS OFTEN NECESSARY to measure complex and 
severe vibrations very accurately, vibration pickups must 
be both sensitive and extremely rugged. A large number 
of specialized pickup types and variations have been de- 
signed for use under particular operating conditions. To 
study the distribution and magnitude of vibration in a 
particular device, the engineer must select the most ap- 
propriate pickup for the specific application from the 
many available. A pickup improperly applied produces 
erroneous measurements. 

This article is limited to the selection of the electro- 
magnetic velocity-type, the pickup most commonly used 
in measuring vibrations up to 2000 cps. After a brief 
description of the construction and operation of this type 
of pickup, the matching of design characteristics of 
pickups to vibration test requirements will be demon- 
strated in several representative examples. 

There are three common types of vibration pickups: 
displacement, velocity, and acceleration. Of the two most 
common types, velocity-type vibration pickups are used 
above their natural frequencies (2-40 cps) and generate 
voltages proportional to velocity. Accelerometers are 
used below their natural frequencies (20-100,000 cps) 
and generate voltages proportional to acceleration. The 
voltage output of either type pickup, of course, can be 
converted and calibrated on a vibration meter or other 
instrument in order to read directly either displacement, 
velocity or acceleration. 

The electrical output of one type of electromagnetic 
velocity pickup is produced by the relative motion of a 
seismically mounted output coil in a magnetic field. In 


32 


Fig. 1, a light coil is mounted on a support assembly so 
that it can move in the field of a permanent magnet. The 
voltage induced in the output coil is proportional to its 
velocity. 


Factors Affecting 
Pickup Selection 


The most important factors to be considered in select- 
ing an electromagnetic velocity-type pickup for specific 
vibration tests are: 

1. Method of coupling to source of vibration 

2. Natural frequency of pickup 

3. Method and amount of damping 

4. Internal friction 

. Output sensitivity 

6. Displacement limits 

7. Temperature 

8. Frequency range 

9. Size and weight. 

Electromagnetic velocity-type pickups are commercially 
available with various combinations of these nine char- 
acteristics, so each must be considered separately in the 
light of testing requirements. 

Coupling Methods. In the surface-attached velocity- 
type pickup (Fig. 1), the base is secured to the vibrating 
specimen so that the permanent magnet moves with the 
specimen. The seismically supported coil then remains 
virtually stationary in space. In the probe-type vibration 
pickup, shown in Fig. 2, the probe or moving element 
with the specimen and the permanent magnet remains 
stationary (usually hand-supported). In either case, rela- 
tive motion exists between the magnet and coil. 

The surface-attached pickup is most appropriately used 
in vibration tests in which the mass of the pickup is small 
compared to the mass of the specimen and where a large 
part or all of the test will be performed with the pickup 
in the same position. 

Considerations applying to the use of the hand-held 
probe-type pickup are: 

1. Frequencies to be measured in vibrating member 

should be above 20 to 30 eps. 

2. Displacement of vibrating member should be less 

than 0.125 in. 

. The indicating vibration meter should employ dif- 
ferentiation of the pickup voltage, thereby showing 
the acceleration of the vibrating member. Other- 
wise, the inability to hold the pickup fixed in space 
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Fig. 1—Electromagnetic velocity pickup. Voltage induced in 
seismically mounted coil when it moves in the field of the 
permanent magnet is proportional to its velocity. 


may cause errors in reading of the vibratory dis- 
placement. 

Natural frequency. The seismic suspension of each 
type and design of velocity pickup has a resonant fre- 
quency. In Fig. 3, output voltage sensitivity is plotted as 
a function of frequency for undamped and damped veloc- 
ity-type pickups having natural frequencies of 4.75 cps. 
The output sensitivity of undamped pickups is constant 
at all frequencies between 3 to 4 times its natural fre- 
quency and at least 2000 cps. The sensitivity rises rapidly 
in each case as the natural frequency is approached. It is 
therefore desirable to have a low natural frequency in 
order to extend the range of a pickup in tests where low- 
frequency vibrations are being observed. Pickups with na- 
tural frequencies as low as 2.5 cps are available. 

On the other hand, a comparatively high natural fre- 
quency (as high as 37 cps in standard pickups) is ad- 
vantageous in applications where a velocity-type pickup 
must operate while in both horizontal and vertical posi- 
tions and is particularly important in flight-testing guided 
missiles. As a missile rotates and the pickup orientation 
changes, for example, a high natural frequency permits 
accurate readings in all positions, while the suspended 
coils of lower frequency pickups would be contacting 
displacement-limiting stops (“bottoming”) at various in- 
tervals. 

When the line of motion of the output coil changes 
from vertical to horizontal there is a change in the static 
(no vibration) position of the coil that depends on the 
stiffiess of the coil’s spring suspension. For example, 
the standard MB Type 124 surface-attached pickups have 
a coil suspension natural frequency of 4.75 cps. In a 
vertical position the static position of the coil normally 
is halfway between the amplitude stops. When placed in 
a horizontal position, the coil spring suspension is no 
longer balanced by the weight of the output coil and 
support arm, and the coil shifts so that it is against the 
mechanical stop. A spring positioning adjustment must 
then be made in order to re-center the coil. 

Because the suspension of a pickup with a coil-suspen- 
sion natural frequency of 13.25 cps is stiffer than the 
pickup with a natural frequency of 4.75 cps, the change 
in the static position from vertical to horizontal is smaller. 
Since the coil amplitude range remains large in both 
directions, there is probably no need for a spring adjust- 
ment. 

Damping Method. An electromagnetic velocity-type 
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Fig. 2—Probe-type velocity pickup. 


vibration pickup may be used to measure vibrations in 
the region of its natural frequency by providing some 
form of damping of the seismic suspension. Damping in 
commercial pickup units is accomplished either by im- 
mersing the seismic mass in a damping fluid or by elec- 
trical damping. In electrically damped pickups, the output 
sensitivity is maintained in the region of resonance by 
eddy-current flow in the metallic coil form. Electrically 
damped velocity-type pickups are usually designed with a 
damping factor of 0.60, 0.65 or critical. A change of am- 
bient temperature produces little change in the damping 
factor of an electrically damped pickup as compared to 
the change in damping in a fluid-damped pickup through 
the same temperature range. 

Although it is evident that the output sensitivity of a 
damped pickup is flattened considerably at low fre- 
quencies there is also a drop in output sensitivity at 
high frequencies. While the sensitivity drop is observed 
at frequencies as low as 100 cps, it is sufficiently small 
below about 2000 cps to permit practical use of damped 
pickups in this region (as long as the actual sensitivity 
is known). However, for measurements of comparatively 
high frequencies with no transients present, an undamped 
pickup is clearly preferable. Conversely, a damped pickup 
is most useful at comparatively low frequencies down to 
the natural frequency of the pickup and for general test 
work where steady vibration levels do not exist. 

Internal Friction. Ideally, a friction-free seismic sus- 
pension is desired in order that the output voltage at low 
vibratory levels may always be proportional to the me- 
chanical input. At the same time the seismic suspension 
support must be very rugged and durable in order to with- 
stand the vibratory environment. For example, if one 
were to measure propeller unbalance by measuring the 
motion of an aircraft engine nose, the motion of interest 
might correspond to 0.5 g at 10 cps while the background 
vibration level might be 200 g at 3600 cps, as result of 
reduction gear bearings and gear teeth disturbance. Elec- 
trical filtering can be used to eliminate unwanted electrical 
output at higher frequencies but the pickup must be able 
to withstand all of the vibration present. 

The coil suspension in Fig. 1 allows for the use of very 
durable bearings without the addition of significant fric- 
tion effects. For light service, ball bearings are employed 
with practically no friction effects. For severe service. 
ring jewel and endstone-type bearings are employed. 
These have somewhat more friction than the ball bearings 


83 





Sensitivity= mv. rms per 
OO! inch da. per 100 cps 


il 


ia 
frequency 


ae cps 


Fig. 3—Electromagnetic pickup frequency response. 


but are able to withstand the extremely high frequencies 
and accelerations. The friction effects are exhibited mainly 
in the region of the natural frequency and are of a sufh- 
ciently low magnitude to allow measurements at higher 
frequencies at exceedingly low displacements without 
error. 

A second approach is the use of springs only to sup- 
port the seismic element. While having the advantage of 
practically no friction, this method suffers from the in- 
ability of a spring to be soft in one direction and yet ex- 
ceedingly stiff in all other directions. Furthermore, in 
order to be useable, the pickup must employ fluid damp- 
ing to control unavoidable spring resonances, if the pick- 
up applications cover wide frequency bands. 

Sensitivity. A pickup of high sensitivity is, of course, 
most important in measuring very low amplitude vibra- 
tions. Thus, as long as the vibration can be observed 
properly on the vibration meter or with other instrumen- 
tation which receives the voltage output of the pickup, the 
sensitivity of the pickup is sufficient for the particular 
application. One important characteristic of pickups is 
constant output sensitivity both over a wide frequency 
range (as discussed above) and for a long period of use. 
Interchangeability of pickups is possible when uniform 
sensitivity is maintained. While all vibration pickups are 
normally calibrated by a manufacturer before shipment, 
service conditions are such that all need calibration at 
periodic intervals during their service life. Pickups which 
have been specifically designed to retain as consistent a 
sensitivity as possible will require fewer recalibrations 
and certainly justify more confidence in vibration meas- 
urements. 

Special Pickup Designs. In addition to the standard 
velocity-type electromagnetic pickups distinguished by 
various combinations of the nine characteristics discussed 
above, special designs have been developed for use under 
more unusual conditions. While most standard pickups 
are designed to operate between —55 and +250 F, special 
models with high-temperature wire insulation, screw con- 
nections (rather than solder), and other special charac- 
teristics permit operation between —65 and -++500 F. 
Shielded models have been designed for application near 
strong magnetic fields. 

Examples of Pickup Selection. Following are seven 
hypothetical examples in which pickups with specific 
combinations of characteristics are selected to match the 
requirements of particular vibration tests (all pickups 
except that in Vibration Test 3 would probably be surface- 
attached ). 
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Vibration Test 1 
Requirement: Accurately measure vibration levels at 
low frequencies (3.0 to 100 cps). Orien- 
tation of the pickup to remain constant 
and only the steady gravity force need 
be considered. 


Select damped pickup with a natural frequency below 
3.0 eps (a standard model with a natural frequency of 
2.50 eps is available). Pickup must be calibrated to the 
lower end of the frequency range employed because of 
the drop in sensitivity in this region. 

Vibration Test 2 
Accurately measure vibrations at fre- 
quencies from 20 to 2,000 cps in a lab- 
oratory test free of transients. 


Requirement: 


Select an undamped pickup with constant sensitivity 
and no phase shift. If vibration is not steady-state, a 
damped pickup would have to be used. 

Vibration Test 3 


Requirement: Make a resonant mode survey of a vi- 
brating body of low mass. Frequencies 
of interest are above 30 cps. 

Select a probe-type pickup in order to minimize the 
added mass and to permit rapid measurement at many 
points. 

Vibration Test 4 

Requirement: Rugged pickup for laboratory testing of 
specimens from 10 to 500 cps under Spe- 
cification MIL-E-5272A. 


Select a damped pickup having a natural frequency of 
4.75 cps (standard value) and employing ball bearings, 
providing excellent accuracy and a long useful life over 
the frequency range required. 

Vibration Test 5 
Requirement: Measure phase relationships of steady 
vibrations as well as amplitude. 


Select an undamped pickup which does not produce 
phase shifts in the voltage output except in a small range 
near its natural frequency. A damped unit may be used, 
provided that calibration curves on sensitivity and phase 
are referred to. 

Vibration Test 6 


Requirement: Record complex motion composed of 
random frequencies of a specimen un- 
der actual operation. 


Select a damped pickup. If it is necessary to have both 
amplitude and phase reproduced, frequency compensa- 
tion is necessary to obtain an overall flat response with 
zero phase shift. 

Vibration Test 7 


Requirement: Measure and record vibrations in a guid- 
ed missile during flight, with no inter- 
ruption in information recorded. 


Select a pickup with a high natural frequency (up to 
13.25 cps available) and a stiff suspension that will pro- 
duce useful output in any orientation at sustained accel- 
erations up to 4 g. The absence of sustained con- 
stant frequencies at high acceleration allows the use of 
ball-bearing suspension. O00 


_ Reference 
A Re-evaluation of Vibration Testing Techniques, ELectricaL 
Manuracturinc, November 1955, p. 132. 
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Chemical processes in the embedment, 
encapsulation and potting of electronic 
packages by means of epoxy- or poly- 
ester-based resins are not simple. Their 
successful use requires proper controls 
throughout the system and extreme care 
in package design. Proper design of em- 


bedded electronic packages can best be 


achieved by cooperation between the 
process engineer and the product design 
engineer. The latter should be familiar 
with the processing problems that can 
arise and the control means that can be 
used to eliminate them. Here are rec- 
ommended control methods and_tech- 


niques in a “how-to” report. 


Resin-Embedment Process Control 


for 


Optimum Electronic Package Design 


CHARLES A. HARPER, Materials and Standards 
fir Arm Division 

WesTINGHOUSE ELEcTRIC CORPORATION 

Baltimore, Maryland 


EMBEDMENT, ENCAPSULATING, AND POTTING PROCESSES for 
electronic assemblies* require complete control of in- 
coming raw resin materials and formulations as well as 
control of production process and equipment. Quality 
of the final product must also be controlled. This is done 
by keeping adequate control data. 

There are two primary raw material controls: 

1. Is the delivered material actually the material 

ordered? 
2. Does the material, on analysis, conform to pre- 
determined specifications? 


*See Mr. Harper’s preceding article, ‘‘Environmental Tests for Embedded 
Electronic Units,’” page 116, December 1956 issue. It included a bibliography 


of 9 references to previous articles on the above subject that appeared ir 
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The possibility of a wrong material being delivered to 
the production area is unlikely but cannot be ruled out. 
lf several resins of similar appearances are used in the 
same area, special care must be taken. 

The actual control tests used are best determined by 
the nature of each application and by the tolerance 
required. Tests developed by the user may, in some 
cases, be more meaningful to him than any standardized 
test. For easier comparisons with outside sources, how- 
ever, standard tests should be used wherever possible. 

The tests discussed here are those most commonly 
used in this work. Since the number of test variations 
is so great, detailed procedures are not given. Often a 
minor change in procedure or equipment may result 
in an apparent major deviation from the control limits 
(Table I). 

Viscosity. This, perhaps the most used of all meas- 
ments, is used primarily as a guide to the flow properties 
of an embedment resin. When the viscosity is too high, 
the formulation is difficult to pour and does not flow 
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Observed viscosity, cps 


Fig. 2 
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Temperature, deg F 


Viscosity at 77 F, cps 


Observed temperature, deg F 


Fig. 1—Viscosity-temperature nomograph for a typical polyester 
resin. Using straight edge, connect observed viscosity with 
observed temperature and read viscosity at 77 F on the center 


scale. 


Time, min 


Exothermic reaction curve for a typical polyester resin. 


properly around inserts er compo- 
nents, thus causing cavities to form. 
A high-viscosity resin is usually too 
thick to allow proper evacuation of 
entrapped air, again causing cavity 
formations. High viscosity makes 
mixing operations difficult. A resin 
viscosity which is too low will result 
in problems arising from leakage 
through openings in the mold or con- 
tainer. The ability of a resin formula- 
tion to penetrate all the required areas 
of a given assembly is also controlled 
by viscosity. 

Each of these contingencies needs 
to be considered in the design stage 
and controlled in the manufacturing 
stage. There is a definite relationship 
between proper design and viscosity 
control. Lack of knowledge by the 
design engineer may result in ex- 
cessively close limits for viscosity 
variation. 

The greatest variable that influ- 
ences viscosity is temperature. A re- 
cord of viscosity measurement should 
always specify the temperature of 
measurement. If measurement tem- 
perature cannot be easily controlled, 
it should be reported and the ob- 
served viscosity converted to that of 
a standard temperature (77 F) by 
means of the nomograph, Fig. 1. For 
design considerations, knowledge of 
the ambient temperature of the end 


Table I—Effects of Minor Procedure Change 
on Viscosity Measurement Results* 


A. Influence of Instrument Setting on Viscosity of 


Typical Polyester 





Setting 


Viscosity, centipoises 
3400 
2800 
2600 


2500 
2300 


B. Influence of Instrument Setting on Viscosity of 
Typical Epoxy 


_ Setting 
6 
7 
8 
9 
10 


_ Viscosity, centipoises 


18, 000 
16,000 
13,000 
22,000 
24,000 


* Nore ’ Diffe rent settings represent differe nt sizes and speeds of rotating disks 
used to measure viscosity. The same instrument was used in all cases, 
with all variables other than disk-size and speed being held constant. 
Any of these settings might arbitrarily be chosen unless a standardized 
procedure were adopted. 
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embedment process is also important. Either the product 
design must allow for the use of viscosities over a wide 
temperature range due to seasonal temperature variations, 
or the temperature of the resin formulation must be con- 
trolled in the manufacturing process. 

For some resins, another major variable affecting vis- 
cosity is age. The storage stability of certain resins is 
limited to a few weeks unless a sufficiently low storage 
temperature is maintained. This is especially true for 
some of the polyesters. Since viscosity increases as poly- 
merization progresses, a viscosity measurement may be 
used to determine the suitability of the resin for use. 
A high-viscosity measurement would indicate partial 


Liquid temperature both 


Fig. 3—Typical setup for measurement of exothermic properties 
of polyester and epoxy resins. 


chemical deterioration of the resin due to premature 
polymerization. This could result in an inferior product 
if the resin were used. 

Exothermic Properties. Three specific values (gel 
time, peak exothermic temperature, and “time to peak 
exothermic” temperature) are characteristic for a given 
resin-catalyst-curing system and are measured from a 
single graphical plot of exothermic temperature vs time 
(Fig. 2). Exothermic temperature is a measure of the 
chemical heat evolved in the polymerization reaction. Gel 
time is normally considered to be the time interval from 
150 F to 1U F above the bath temperature, as shown. 

These characteristics of a polyester or epoxy resin 
system are important because they, together with vis- 
cosity, represent a reliable and simple means of chem- 
ically or physically identifying a given resin. Both the 
catalyst system and the polymerization (curing) tem- 
perature should be standardized, so that the resin com- 
position is the only variable. With these conditions, the 
data taken from the graphical plot should be sufficiently 
reproducible to indicate any variation in the resin which 
might effect its performance as a reliable embedment 
material. For instance, an exothermic temperature above 
the set specification limits would indicate a high rate of 
reaction which might cause excessive internal strains in 
the embedment material during cure. This could result 
in cracking of the embedment material. 
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A “time to peak exothermic” measurement which is less 
than the specification limits would indicate that the re- 
action is too rapid. If the reaction were slower than 
specification requirements, as indicated by a low peak 
exotherm, long gel time, and/or long time to peak exo- 
therm, it might be expected that the enibedment material 
would not harden or cure sufficiently in the manufac- 
turing process. This could result in a physically weak and 
chemically unstable embedment. Electrical properties are 
also often a function of the degree to which the reaction 
is completed, as measured by the above properties. 

The normal method for making these tests consists of: 

1. Catalyzing a standard weight of resin, using stand- 
ardized reagents. 

2. Containing this standard weight in a standardized 
volume test tube. 

. Supporting the test tube in a closely controlled 
liquid temperature bath, at a standardized position 
in the bath, and with a thermocouple centrally 
located in the resin sample. 

A slow-speed temperature recorder is used to plot the 
graph of exothermic temperature vs time. A test setup is 
sketched in Fig. 3. The most critical variables in this test 
are the catalyst system, bath temperature, and mass of 
test sample. All other parts of the procedure must be 
controlled, however, if reproducibilit} and maximum 
reliability are to be obtained. 

Exothermic properties are related to internal stresses 
which can cause cracking. These properties are also a 
function of embedment mass. Knowledge of these prop- 
erties can be helpful in design because they will indicate 
size limitations of the embedded product and need for 
minimizing stress concentration points such as sharp 
corners. 

Hardness. This is also a good measure of the degree to 
which the reaction of a resin-catalyst-curing system has 
been completed. Any system should give a hardness read- 
ing which, within reliable limits, is reproducible. As in 
other tests, control of all phases of the sample prepara- 
tion and testing procedure is important. Since the rate 
and degree of reaction is influenced by the resin mass, 
a standard size test block should be made for hardness 
measurements. Hardness can be measured with several 
standard instruments. The hardness range being used 
will indicate which instrument is best. 

If the standard hardness block is cast in a mold of 
close tolerances, the block can also be used to measure 
the linear shrinkage of the cured resin sample. For both 
hardness and linear shrinkage tests, several measure- 
ments should be made covering all areas of the test block, 
and averaged for the reported results. The hardness 
property is usually important in the design of any em- 


bedded product. 


Additional Control Tests 


The tests already described here should supply the 
primary data with which to determine the conformance 
of a given resin shipment to the predetermined specifica- 
tions. There are instances, however, where other specific 
properties are of importance. Some of the applicable 
tests will now be detailed. They should be used only 
with full awareness that certain tests are costly, time 
consuming, and are often surperfluous in comparison to 
some simpler method of measurement. 

Electrical Insulation Resistance. Most polyester and 





Date |Date rec'd} Supplier's | Lot 
tested] in plont date No. 


Viscosity 


(cps at 25C) (min) 


Gel time Peak 
exotherm 


Time to Hordness 


peak (min) units Comments 


Fig. 4—Typical control chart for a standard polyester or epoxy material. 


epoxy resins are excellent in this respect under normal 
room temperatures and humidities. However, some systems 
whose room-temperature insulation resistance values are 
nearly infinity drop in resistance to values below | 
megohm if temperature or humidity conditions or both 
are sufficiently severe. For this reason, an insulation re- 
sistance measurement is of real value only if measured 
at conditions closely approximating actual use. Condi- 
tions used for measurement must be closely controlled to 
be reliably comparable, since effects of variables such 
as surface condensation and vapor transmission can 
easily interfere with results. 

Dielectric Strength. It is important to standardize in 
this test or the voltage may cause flashover before break- 
ing down the insulating medium. Another reason for a 
standard specimen thickness is that varying thicknesses 
will not give reproducible calculations. Thin specimen 
will normally give a higher value (per mil) than a thicker 
specimen. Voltage may be increased continuously or 


stepwise; but the methods used for increasing voltage 


give different values, so this variable too must be stand- 
ardized. 

Heat Distortion Temperature. This is the temperature 
at which an arbitrary deformation occurs when a stand- 
ard specimen is subjected to a given set of testing condi- 
tions. This value is unique for any given resin system. 
It is primarily of value if the material being tested is to 
be used under temperatures higher than standard room 
temperature. The test is usually made by immersing the 
specimen in a liquid heat transfer medium, applying a 
given load, and uniformly increasing the temperature 
until a given deformation takes place. 

In addition to these briefly discussed control tests, 
which are primarily applicable to insulating materials, 
any of the standard material tests involving strength. 
thermal, optical properties, etc.. may be used if the 
special application so dictates. For the usual type of 
polyester and epoxy embedment application, these tests 
are seldom justified as a control measure. But it should 
be remembered that they may be important for basic 
material comparison studies. 

These tests involve the base resin constituent for the 
most part, since it is the raw material whose control is 
the most critical. It is important that all catalysts, pro- 
moters, fillers and other constituents or reagents be of 
high quality, since they otherwise would lead to unre- 
liable test results. If a particular polyester or epoxy 
resin system gives results that are outside the required 
limits. all constituents should be suspected. Knowledge 
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Hordness values 


Fig. 5—Sucecessive individual hardness 


embedment material. 


readings of epoxy 


of the relative functions of the constituents, coupled with 
proper analysis of results, should indicate the most likely 
source of trouble. Additional tests will isolate or further 
indicate the source of trouble. 

Control tests on compounded resin formulations—a 
basic resin with added filler—are the same as those used 
for the base resin, since the base resin is the source 
of the chemical reaction. The compound control data 
will differ from that of the base resin, and so separate 
specifications must be written from base resin and pro- 
duction formulation. It may not be necessary to perform 
as many control tests on the compound production for 
mulation as on the basic “as received” resin, provided 
(a) that proper storage times and conditions have not 
been exceeded and (b) that processing conditions are 
under control. 

Process And Equipment Controls. Process control im 
plies conformance of operating personnel with the process 
specification and conformance of the processing equip- 
ment to the required operating conditions. The two are 
inseparable, as neither alone will assure manufacture of 
a quality product. The most reliable way to maintain 
the required control of a process is through the use of 
a process checking operator, whose interest and ex- 
perience makes him a guiding influence on the operating 
personnel. He should be able to render specification 
interpretations and know the effect of deviations from 
process and equipment specifications. Such a person is 
important to both the product design engineer and the 
process engineer, since it is through his guidance that 
manufacture of a quality product can be assured once a 
reliable design and process are provided. He can also 
influence the process efficiency. 

Perhaps the most important variables which must be 
controlled in the manufacture of polyester and epoxy 
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Table ti——Typical Embedment Problems with Possible Causes and Remedies 
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Problem Possible causes 


1. Incomplete mixing of ingredients. 


Soft spots 


2. Excess or too little catalyst. 


Soft areas Uneven cure. 


Possible remedies 


Improve mixing by change in mechanical mixing 
arrangement, or by heating formulation to reduce 
working viscosity. Remember that heating reduces 
working life of catalyzed mixture. 

Adjust catalyst concentration. 


Provide more even curing heat distribution. 





Soft embedment 1. Incomplete cure. 


2. Improper resin-catalyst ratio. 


Cavities or holes 


Differential curing rate, resulting 


in differential shrinkage. 


Spots of mold release agent pro- 
truding into embedment surface. 


Surface striations 


agent. 


1 Premature gelation of resin caus- 
ing entrapment of air bubbles. 


Uneven mold release application 
or use of unsuitable mold release 


Increase curing temperature or time. 

Adjust ratio. 

Evacuate catalyzed resin before curing, or extend 
pregelation life of catalyzed resin by reducing 
catalyst, working temperature, curing tempera- 
ture, or by whatever means is most practical for the 
individual case. 

More uniform curing heat. 


More even coat of mold release agent, or different 
mold release agent. 

Change release coating technique or change mold 
release agent. 





Cracks 
—overail or in spots. 


Resin exothermicpropertieschanged 
due to aging, etc.; generally exo- 
thermic reaction would be too 
rapid, or peak exothermic tempera- 


ture too high, or both. 


Low insulation resistance be- 
tween conductors 


embedments are temperature and time. Both are im- 
portant in controlling the working viscosity of the resin 
formulation, the working life or “pot life” of catalyzed 
formulation (time before gelation begins to occur due 
to the polymerization reaction), and the proper curing 
of the embedment material. All of these properties are 
important not only in the handling of the material, but 
in controlling the rate of the reaction, and hence the end 
properties of the cured polymer. For instance, a low tem- 
perature will cause a higher viscosity, which might 
result in formation of cavities; or it may cause the re- 
action to be so slow as to result in under-cure of the 
embedment material, which gives weak physical and 
electrical properties. On the other hand, a high tempera- 
ture may lower viscosity and cause leakage from the 
molds, resulting in an improperly formed part; or it may 
speed up the reaction, causing an excessively high exo- 
thermic temperature, and resultant internal stresses lead- 
ing to cracks. 

There is definitely an optimum time and temperature 
range for every polyester and epoxy embedment process. 
and these temperatures and time cycles should be con- 
trolled for all operations. Since proper ratios of formula- 
tion ingredients are critical, weighing and measuring 
equipment must be regularly calibrated. The same is 
true for test equipment. Tools such as molds must be 
properly designed and maintained for adequate process 
control. Knowledge of these factors can be helpful for 
indicating a design which is most adaptable to a poly- 
ester or epoxy embedment process. 
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Curing oven temperature too high 


Incomplete cure, or effect of mois- 
ture or humidity conditions. 


Lower oven temperatures. 


Can be detected by exothermic measurements; 
exothermic reaction rate can be slowed by lowering 
curing temperatures, changing resin-catalyst ratio, 
or changing catalyst. Resin may have to be dis- 
carded if product properties are unsatisfactory or 
questionable. 


Increase curing temperature or time. 


Product Control 


The measure of the true worth of all of the controls 
discussed here can be determined by the degree to which 
the end product meets its requirements. Theoretically, 
once the design and development engineering has been 
completed for a product and manufacturing process, and 
once adequate control measures have been applied to 
process and materials, product quality should remain 
consistently high within statistical limits. Occasions will 
arise when all controls seem in order, yet the product 
does not meet all end requirements. Often there may 
be an end electrical or physical defect which is caused 
by the combined influence of component assembly and 
embedment material upon one another. Since this weak- 
ness might not be visually obvious under normal room 
environment end conditions, it is essential that control 
measures be applied to the end product in order to assure 
its reliability. 

In addition to assuring end product reliability, these 
product controls can serve to point out areas in which 
material and process controls are inadequate or unneces- 
sary. The controls are complementary; and proper anal- 
ysis of the data should result in a reliable, sampling 
plan for all controls. This point is very often overlooked, 
causing the loss of time and money in unreliable or un- 
necessary work. It cannot be emphasized too strongly 
that control data records must be faithfully maintained 
and constantly analyzed for significance. Otherwise, they 
can never be of maximum value as guides to design. 


(Continued on page 246) 


89 





Major household appliances, as typified by this 
automatic dishwasher, are primary applications 
for the split-phase motor. Appliance designers 
aim for a minimum of 10 years of trouble-free 
service, so foolproof motor protection is essen- 
tial 


Fig. 1 (right)—Thermal protective device for 
split-phase motors. A-P-S unit includes both 
start-winding and overload thermally actuated 
relays. 


Start-Run Protection of 
plit-Phase Motors 


Careful protection of split-phase motors 
yields more than just the benefit of safe 
operation. Higher torques in smaller 
frames can also be realized if the start- 
winding control is foolproof enough. New 
thermal devices promise to make such 


control feasible. 


J. ELLENBERGER, Vice President of Engineering 
Eccenpercer & Poenscen GosBi..,* 
Altdorf bei Nurnberg, Germany 


* Represented in U.S. by E-T-A Products Co. of America, 5085 North 


Elston Ave., Chicago 30 
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THE COMBINED ATTRIBUTES OF economy and good start- 
ing torque have made split-phase and capacitor-start 
motors primary in many major areas of single-phase 
applications, such as refrigerators, air conditioners and 
other major home appliances. In both types of motor, an 
auxiliary winding is incorporated to provide the two- 
phase effect needed for starting. Special devices, notably 
relays and centrifugal switches, must be used with these 
motors to cut out the starting winding when the rotor 
comes up to speed. The auxiliary winding is of fine, 
high-resistance wire and cannot withstand continuous 
operation. For this reason, the performance of the afore- 
mentioned devices are critical to the safe operation of 
split-phase and capacitor-start motors and are the subject 
of continuing study in the attempt to obtain infallibility. 

The ideal objective in designing protective devices for 
split-phase motors is to insure that the start winding will 
never be subjected to damaging currents. For such com- 
prehensive protection, there are three conditions to be 
observed. The starter-winding relay must do as follows: 
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separate the start winding from the main winding 
in a very short time. The allowable limits of time 
delay are determined by the individual motor design. 
make it impossible for the starter winding to re- 
turn to the main winding while any current is flow- 
in through the circuit. 

3. be independent of voltage changes. 

There are three basic types of devices that can be used 
to switch the starter winding into and out of the circuit. 
These are speed-sensitive centrifugal switches; current- 
sensitive magnetic relays and heat-sensitive thermal re- 
lays. The first of the above, the centrifugal switch, has 
the disadvantage of being completely unable to respond 
to current or heat. Thus, should a split-phase motor be 
stalled across the line, the centrifugal switch will cause 
the start winding to remain continuously in the circuit. 
And, as explained previously, the start winding is not 
designed to withstand such service. 

The magnetic starting device has been widely and 
successfully used. It responds to the differential between 
normal current and the starting current of the motor. Its 
one shortcoming is that in case of an overload condition 
or locked rotor, the magnetic relay reconnects the start 
winding continuously. This can, of course, lead to burn- 
out of the start winding. 

The thermal starting device offers the possibility of 
satisfying all four of the objectives listed above. As will 
be seen in this description of the German-designed 
“A-P-S” starter-winding relay, Fig. 1, the thermal device 
operates primarily as a current-sensitive device. It con- 
sists of two separately functioning devices, one protecting 
the starting winding, the other the main winding. Switch- 
ing contacts are on bimetallic strips around which is 
wound a heater coil separated by thermal and electrical 
insulation. For the starter winding, the designed-in sensi- 
tivity of the bimetallic structure is such that it will react 
to a current of 200 ma. The purpose of the basic unit 
is to disconnect the start winding from the main winding 
independently of the speed of the motor or the applied 
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voltage. Since the heat activating the bimetallic strip is 
derived from intimate placement with the heater coil 
rather than from the surrounding atmosphere, the opera- 
tion of the relay is relatively independent of the ambient 
temperature. 

The A-P-S relay is designed as a normally closed de- 
vice so that as long as no current flows through the 
heater and the bimetallic strip, the contacts will remain 
closed. The strip is calibrated to keep the contacts open 
on the no-load current of the motor. Being so calibrated 
the bimetallic structure will not permit the relay to close 
contacts or return to normal load status under conditions 
such as low voltages or locked rotor. 

Were the bimetallic system designed purely on the 
basis of no-load current, it would mean that in practical 
operation the surge current of the motor would disconnect 
the start winding. To avoid such premature operation of 
the relay, the structure is provided with sufficient thermal 
inertia to delay contact actuation until the motor has 
come up to speed. While solving one problem, however, 
this thermal inertia creates another in connection with 
the reset time of the relay. The latter refers to the time 
needed after the motor has been shut down for the relay 
contacts to re-close, putting the start winding in the 
circuit ready for the next cycle of operation. 

It was necessary, therefore, to compensate for the heat 
developed by the high current during the surge period 
or under normal locked-rotor condition. Further some 
means had to be devised to ascertain that the start wind- 
ing would be reconnected to the main winding within a 
few seconds, or within the time it would take to bring 
the motor to a stop. To accomplish both objectives, a 
shunt has been designed into the circuit which will pro- 
tect the heater coil and keep the bimetal at the correct 
temperature. When the heater coil activates the bimetallic 
strip, the normally closed contacts open to disconnect 
the starter winding. At the same time, a set of normally 
open auxiliary contacts attached to the back of the bi- 
metallic strip will close. These contacts are in a shunt 
circuit connected across the heater coil. When closed, 
these contacts permit the current to flow through the 
shunt instead of the heater coil. 

This design has the effect of permitting an accurate 
matching of the thermal characteristics of the relay to 
the normal motor acceleration curves so that the relay 
will disconnect the start winding promptly but not pre- 
maturely. At the same time, during running or overload 
conditions, the bimetallic element will not be overheated 
since the load on the heater coil is taken over by the 
shunt. Thus, when the motor is stopped and current no 
longer flows through the circuit, the start winding is 
returned to the main winding in a very short time, which 
will guarantee satisfactory motor operation on closely 
repeated starts and stops. 

The foregoing is brought into focus by reference to 
Fig. 2, a curve showing the relationship between ambient 
temperature and relay reset time. Note that the reset 
time is less than 17 sec even at the highest ambient. The 
curve of Fig. 3 depicts the inverse relationship between 
starting inrush current and tripping time. Normal cut- 
out time is between 1 and 3 sec. 

In addition to the effective protection furnished, the 
thermal starting device has these attributes: 

a) can be installed in any position 

b) works noiselessly 
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Fig. 2—Relationship between ambient temperature and 
reset time for thermal relay. Even at high ambient, reset 
time is under 17 sec. 


is insensitive to voltage variations (low or high 
voltages ) 

does not result in contact flutter or freezing of 
contacts 

brings effective protection regardless of whethe: 
the relay is installed in the motor or remotely 
at a convenient place in the appliance. 

Torque Considerations. While it is the prime pur- 
pose of this relay to make it impossible for the start 
winding to get excessively hot or burn out, the additional 
features open the way for the motor designer to build 
a motor with a considerably higher starting torque. 
Since lower factors of safety are required, a much smaller 
diameter of wire for the starter winding may be used, 
which in turn will mean higher resistance and a greater 
change in phase-relationship between the main and the 
starter windings. If heretofore it was possible to get a 
starting torque between 130 and 150 per cent of the 
normal torque, it is now conceivable to raise this per- 
centage to between 250 and 300. To obtain such a start- 
ing torque before, a capacitor had to be used in the cir- 
cuit. In many cases this will no longer be necessary. 

When there is no need for an increased starting torque. 
motors now may be designed having considerably smaller 
dimensions. For example, it is possible to reduce the 
length of the shaft and use a smaller end shield since a 
centrifugal switch would no longer be needed. This, in 
turn, can lead to the companion benefit of standardization 
since parts used on other types of motors may also be 
used for the split-phase motor. 

Overload Protection. The development of the most 
effective starter winding relay cannot assure complete 
safety for the motor as long as the main winding is not 
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Fig. 3—Tripping characteristic of start-winding relay 
shows normal actuation within from 1 to 3 sec. 


Starting current, percent of full lood 


similarly protected. Therefore, the unit of Fig. 1 in- 
cludes an additional thermal relay section designed spe- 
cifically as an overload relay for the main winding. Since 
the start winding is independently protected, the opening 
and closing time of the overload relay can be adjusted 
so as to achieve an almost ideal interval relationship 
between opening and closing time. This is true because 
the bimetallic strip in the overload relay, which is ac- 
tivated by a heater coil wound directly over an asbestos- 
base intermediate tape, is now designed to store a definite 
amount of heat. This, in turn, permits the relay to stay 
open much longer than is ordinarily possible. These 
operational characteristics, displayed in Fig. 4, are espe- 
cially desirable during locked-rotor conditions and assure 
definite temperature control of the motor winding. 

It is of extreme importance for a good protective de- 
vice not only to control temperature rise created by a 
locked-rotor condition, but also to sense effectively any 
kind of current or temperature rise. With the bimetal 
controlled by the heater coil, the overload relay incor- 
porated in this thermal device assures effective protec- 
tion against continuous running overloads as low as 20 
per cent above full load. This assures that low voltage 
conditions will not cause slow burnout or overheating of 
the main winding. The current-time characteristic is 
given in Fig. 5. 

A bimetallic element which is controlled by a heater 
coil is, to a certain extent, independent of surrounding 
temperature and will not react to low ambient tempera- 
ture. The bimetal used in this relay fulfills this condition, 
although at higher temperature levels, it will react to heat 
originating purely from ambient conditions. This means 
that the overload relay (if installed directly in the motor 


housing or on the compressor shell of refrigeration equip- 


ment) will protect against any excessive rise in tempera- 
ture, regardless of whether it is caused by a rise in motor 
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Fig. 4—Cycling characteristics for thermal overload relay. 
Note that the more severe the overload, the longer the 
contacts will remain open before attempting to reset. 
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current or by some external disturbance. As an illustra- 
tion, in certain refrigeration equipment it is desirable 
to have an overload protective device which is sensitive 
to high ambient temperatures. When the ambient tempera- 
ture reaches approximately 100 C, the operating tem- 


perature of the motor windings will be about 120 C, 
assuming normal rated current. Should the current rise 
just slightly, the overload relay mounted on the com- 
pressor shell will cycle on and off to keep the motor 
winding temperature from going over 120 C. 

Both the start-winding relay and the overload protec- 
tive device can be adjusted for different cycle periods. 
After being calibrated electrically, the units are adjusted 
mechanically for a contact pressure of about 350 grams 
on the start relay and 600 grams on the overload relay. 
This method permits a speedy contact closure and yields 
long life for the contacts. At the same time the opening 
and closing temperatures on the overload relay can be 
changed to different limits. 

The internal connections of the thermal unit are made 
in one of two ways, depending on the application. The 
circuit diagrams in Fig. 6 show the two arrangements. 
When the (A) circuit is used, current passes through 
the heater coil of the overload relay, the heater coil of 
the start-winding relay, then through the bimetallic ele- 
ment of this relay into the main coil of the motor. This 
series arrangement produces very fast opening of the 
start relay contacts and, consequently, rapid disconnect 
of the auxiliary motor winding. In the (B) circuit, cur- 
rent again flows through the overload relay but, this 
time, directly into the bimetallic strip of the start relay 
and then through the heating coil into the main coil of 
the motor. This circuit is used when slower opening of 
the start-relay contacts is required. The latter is the case 
when the starting current is six or more times heavier 


than the normal working current of the motor. 
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Current, percent of full load 


Fig. 5—Current-time curve for overload relay shows ad- 
vantage of thermal unit in which a continuous overload 
as small as 20 per cent is sufficient for tripping. 


Single - phase 


Overload 
relay Main 
winding 
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Fig. 6—Two methods for making internal connections for 
overload and start relays. Circuit (A) is standard and 
circuit (B) is used for motors drawing heavy starting 
surges. 
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Fig. 1.—Ribbon-type wafer coils with the leads connected directly to the terminal boards of the assembled transformer at right. 


Basic Considerations in Foil 
Transformer Production 


Progress report on early development work being carried on under 


an Air Force contract to demonstrate feasibility of mechanizing small 


transformer (250 va max.) production using wafer coils spirally 


wound from aluminum or copper foil. Space factor of aluminum foil 


superior to copper magnet wire. 


W. BRACKMANN, R. LEVINSOHN and D. McCARTHY 
Industrial Development Engineering Section 

General Engineering Laboratories 

AmericAN Macuine & Founpry Co. 

Greenwich, Conn. 


ADVANCES IN MECHANIZATION of transformer manufac- 
ture have been hampered by the configuration of standard 
transformer design. Except in the coil winding process, 
mechanized manufacture of transformers has lagged far 
behind that of capacitors, resistors, electron tubes and 
other electrical system components. A major obstacle to 
this advance is the requirement for extracting leads from 
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certain points within the coil, an operation made most 
difficult by conventional coil design. Attachment of leads 
involves placement of some half dozen pieces of film tape 
and varnished cambric, with tedious operations of wrap- 
ping, stripping wires, soldering and tucking in film 
wraps—all by hand. The present effort is directed toward 
eliminating hand production methods where economically 
justified. 

The foil or wafer type of transformer construction, 
Fig. 1, facilitates mechanization of its production. The 
coil in a wafer transformer is built of pies rather than 
layers. Each wafer is a spiral winding formed by a ribbon 
slit from insulated aluminum or copper foil. The wafer 
terminals may readily be located when the wafers are 
assembled into windings and coils. The use of ribbon in 
larger transformers is not new in the art and study (1) 
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(2) (3)* of the construction of small audio transformers 
under Air Force sponsorship has shown that MIL T-27A 
conditions can be met by this foil configuration as well. 
Commercial use of considerable numbers of wafer trans- 
formers has also been reported by Babcock (4), and 
others. 

Figure 2 tabulates the steps to be considered in the 
manufacture of transformers based on water foil coils. 

Basically, the use of foil is more attractive because it 
lends itself to simpler and more economical fabrication 
than wire. Aluminum in particular offers about 260 
micro-ohms conductivity per dollar compared to copper’s 
68 (base price comparison) and is available as a less 
critical metal in a wide choice of gages. Thin copper is 
becoming more available as new uses are revealed. Quar- 
ter-mil (0.00025) copper is currently in use.f In Fig. 3 
curves of the cost of readily available foils, adjusted for 
differing conductivity and density, illustrate the economic 
advantage of aluminum foil over both rolled and elec- 
trolytic copper foil. An estimated cost comparison of 
insulated foil ribbon with insulated magnet wire appears 
favorable. Space factors will be discussed later. 

The significance of the range of foil thicknesses shown 
in Fig. 3 is that wire sizes from No. 10 AWG through 
No. 44 could be provided by just three thicknesses of 
aluminum foils: 5, 4%, and 1% mil. Actually, 16 foil 
thicknesses are commercially available within this range, 
suggesting the wide variation of configurations for a 
given wire cross-section that the foil transformer designer 
can obtain by altering the ribbon width in relation to 
thickness. Significant economic space advantages result 
from the fact that a transformer manufacturer can stock 
a very limited number of foils and produce a complete 
range of wire (ribbon) sizes. 


Wafer Transformer Production 


There are at least twenty different methods for pro- 
ducing an electrically satisfactory wafer coil. In general 
the methods may be classified into two divisions: those 
that attach the leads before winding and those that attach 
after winding. 

Three methods of producing a wafer have been in- 
tensively investigated at AMF and are sketched in Fig. 4 


*Italic numerals in parenthesis refer to Cited References at end of text. 

tIn late November, American Silver Company, Flushing 54, New York, 
announced for the first time the availability of rolled copper tape in thick- 
nesses as low as 0.00015 in. in pilot lot quantities. Last spring the company 
announced its first successful production of 0.00025-in. gage copper foil on a 
commercial scale, 
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Wind-slice 


of wafer transformer design. The Air Force is sponsoring the 
program since a more highly mechanized industry could, 
during a period of national emergency, produce military 
transformers quickly, at low cost, and in large quantities. with 
a minimum of reliance on experienced manpower. 

Practical mechanization of transformer manufacture will, 
of course, require equipment to produce not only quality 
military goods but commercial grades of transformers, rapidly 
and economically. 


The wind-slice method is accomplished by winding foil 
and insulation into a wide roll and slicing off wafers of 
varied widths with a rotary blade. The wind-slit method 
is similar to the first except that the wafers are separated 
as the foil is wound so that only one layer of foil is cut 
at a time. The slit-wind method separates insulated foil 
into the desired ribbon widths before the winding is 
accomplished. 


Wafer Production 


1. Foil handling 

Slitting or slicing 

Winding 

Wafer terminal configuration 
Terminal attaching or joining 
Wafer inter-layer shorting 


Coil Assembly 


1. Wafer handling 
2. Wafer interconnection 


Qo ke wh 


Transformer Assembly 
1. Coil handling 


2. Stacking of core laminations 
3. Mounting of transformer 


Fig. 2—Considerations in machine production of transformers 
from metal foil and flexible insulation or from dielectric-coated 
foil. 
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Fig. 3—Cost of aluminum and copper foil compared on an 
equivalent electrical conductor bageis. 
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Wind-slit Slit-wind 


Using the wind-slice method, very fine wire wafers 
can be produced with a minimum of machinery. Wide 
foil of any thickness can be used and it may be coated, 
laminated or interwound with a great variety of flexible 
insulations. The terminal socket or tab is attached to the 
foil before winding. This attachment can take many forms, 
but must be held within the confines of the future wafer. 
This requirement means that in subsequent operations the 
machine must be capable of going to the inside of the 
wafer to locate and attach extension leads. After attaching 
the inside tab, the foil is wound into a roll and the outer 
tab is applied. 

It is important that the roll be made as rigid as possible 
to facilitate slicing. This rigidity may be accomplished 
by vacuum impregnation, pressure sealing coatings, heat 
sealing, er by polymerizing resin layers on the foil. 
From the mechanization standpoint, thermally converted 
coating seems most promising. 

The major disadvantage of slicing the wound roll is 
the tendency of the knife to smear the metal, shorting 
turns. Removal of the metal smear by chemical etch is 
possible but by no means foolproof. In the equivalent 
fine wire sizes, the varying effect of acid attack on the 
edge of the foil can give significant variation in the width 
of the conductor. Also any acid that penetrates between 
the insulation and foil must be completely removed dur- 
ing rinsing or the life of the wafer will be significantly 
affected. A technique for slicing wafers without shorting 
turns is undergoing trial. 

The wind-slit process while similar to that of wind- 
slice, offers the important advantage that it eliminates 
the smeared edges of the wafer. In this method the foil 
and insulation are wound into a roll as in wind-slice, but. 
before the foil has completed one full turn, it is slit by a 
rotary blade which extends into the roll for a depth of 
only a few layers. In this way the tendency of the foil 
edges to smear is greatly reduced. A whole arbor full of 
separate wafers may be wound simultaneously. 

Although the wind-slit method eliminates the smeared 
edges, it does not entirely eliminate burrs and shorted 
turns, and some type of deburring is still required. The 
amount of etching required, however, is much less, more 
uniform, and therefore more easily controlled than in the 
wind-slice process. This second method can be employed 
to produce extremely thin wafers. Wind-slit has a higher 
production rate potential but is limited to foils under 
approximately 1 mil. 


The third or slit-wind technique is based on making 
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insulated rectangular ribbon-wire before the wind opera 
tion. With this method, it is possible for the wafer ter- 
minal tabs to be attached to the foil ribbon before the 
wafer is rolled, thus eliminating the undesirable process 
of attaching or pulling out leads within the rolled wafer 
Although somewhat complicated, this system is very 
flexible. 

The insulated foil is first slit into individual strands 
Several promising methods are being investigated for 
treating the individual strands to completely eliminate 
burrs and therefore the necessity for acid etching. One of 
them is ironing the foil to orient the burrs within its 
plane. The individual strands are then fanned out over a 
short distance to a terminal attachment station where the 
leads are attached to the foil strands in a predetermined 
position where they are available for subsequent connec- 
tion. An important advantage of this slit-wind method is 
that the leads can be applied at’ any intermediate tap 
points in the wafer winding. 

After terminal attachment, the strands are wound on 
an arbor to form the wafers. Even when untreated, the 
thinnest wafers are surprisingly rugged, but they can be 
further strengthened by impregnation or heat curing. 

A recapitulation of the three processes is shown in the 
flow diagram of Fig. 5. 

Laboratory production of wafers indicates that they 
should be bonded together turn to turn as wound. Other- 
wise, a tightly wound wafer tends to buckle at the inner 
turns when it is removed from the arbor. Also, when 
winding wafers from ribbons, a good deal of care must 
be taken to provide a perfectly flat ribbon. The edges 
should not be torn or deformed during the slitting opera- 
tion or by the guides through which the ribbon passes 
Burrs build up on the wafer as it is being wound, and 
the foil ribbon assumes a channel cross shape. The stress 
in the flanges of the channels becomes increasingly 
severe during the build-up of the wafer, until cracking 
occurs. Deburring methods are being studied further to 
eliminate the necessity for chemical etching. 


Lead Attachment Problems 


Considerable investigation of methods for lead attach- 
ment has been done. The effect of solder on aluminum foil 
life has indicated that the major effort should be directed 
toward welding methods. Welding can be standardized 
for all temperature classes of insulation. Resistance weld- 
ing and pressure (cold) welding require the difficult 
operation of cleaning fine foil. Ultrasonic welding is being 
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intensively studied since it provides 
a joining method which does not 
require prior cleaning of the foil. 
Using this method, joints may even 
be made through insulation. Alumi- 
num-to-aluminum, copper-to-copper, 
and aluminum-to-copper welds can 
be made in the finest foil gages. 
Although many systems of terminal 
attachment are possible for a two- 
terminal coi! such as solenoid, relay, 
or certain transformer coils, mechani- 
zation of transformer manufacture 
calls for a system which would pro- 
vide leads for the wide variety of 
coils encountered. The simplest type 
of wafer lead arrangement would be 
one in which the wound ribbon comes 
out directly to the terminal board or 
functions as a terminal itself. How- 
ever, machinery to achieve this for 
foils of equivalent wire sizes from 
Nos. 10 to 44 is not practical. Some 
intermediate flat foil lead seems neces- 
sary, involving the following four 
steps: preparation of the wafer for 
a flat lead; attachment of the lead; 
connection of the leads to each other 
to provide wafer interconnections, 
and finally, the adaption of these flat 
leads directly as transformer ter- 
minals or connection of these leads 
to the transformer terminals attached 
to the case or mounting bracket. 


One way to accomplish these steps 
is through use of a terminal card in 
the form of a dielectric laminate 
board and foil conductors attached 
by adhesive. 


Use of Terminal Cards 


One type of terminal card is shown 
in Fig. 6. Where a winding consists 
of a single wafer coil, the card would 
contain two independent foil sections 
as at A. Tabs extend at right angles 
for attachment to the wafer body and 
other tabs extend beyond the card 
body to permit connection directly 
into the terminal board or into the 
component panel in which the trans- 
former is to perform. The ends of 
the terminal strips which protrude 
past the card may be stamped into 
stiffer shapes than that of the flat 
tab shown. 

In the case of a coil winding re- 
quiring several wafers, a series type 
terminal card is used, as at B and C. 
This connects the inside turn of one 
wafer to the outside turn of the ad- 
jacent wafer. This terminal system is 
less suitable for a transformer coil 
composed of very thin wafers. As 
illustrated in the transformer as- 
sembly at D in Fig. 6, the extended 
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Fig. 5—Wafer transformer processes compared. 


Termino! cord 


Fig. 6—Transformer assem- 
bly using terminal cards for 
interconnection. 


Fig. 7—Terminal cards with tabs 
at right angle to plane of core 





outside card terminals for thin wafers would be too 
close together. 

The solution to this limitation is to orient the outside 
card terminals 90 deg to the core, as shown in Fig. 7. 
In this arrangement, the wafer thickness is no longer a 
factor, and it is possible to stagger the connections to 
the transformer terminals as indicated in dash outline. 
The terminal card design thus becomes more flexible. 

Wafer interconnections can be made either with series 
type of connection card as in Fig. 6 or with a printed- 
circuit terminal board as illustrated in Fig. From 
the standpoint of automation, this latter system still con- 
tains several limitations. It is difficult to standardize a 
terminal board system, since the spacing between ter- 
minal tabs in one direction is dependent upon the wafer 
width which varies with each individual transformer 
design. 

It is possible to eliminate the terminal card by attach- 
ing the metal terminals directly to the wafer at the time 
it is wound. If this were done, a potential mechanized 
system would use only a two-terminal wafer such as that 
shown in Fig. 8. Alternate wafers are reversed, so that 
connections are made from inside turn to inside turn and 
outside turn to outside turn. The wafers are identical. 
This type of winding can be assembled on a core to pro- 
duce a transformer configuration identical to that shown 
in Fig. 6. 

Instead of making a wafer with tabs and applying this 
wafer to a coded terminal card, the elements of the 
terminal card can also be attached directly to the wafer, 
as in Fig. 9. The coil assembly can then be made by 
plugging “all these wafers into a printed circuit terminal 
board or by using a grid of wires to connect the wafers 
to each other and to the terminal board. This type of 
electronic packaging is very similar to the “Tinker-Toy” 
module system. The grid wires are placed on modular 
spacings, and the spacing between the two planar rows is 
the major variant from transformer to transformer. This 
type of interconnection of the wafers allows interleaving 
of primary and secondary windings, and easily brings out 
tapped wafer connections to the terminal board. The 
connection of the tab to the wires is accomplished by dip 
soldering methods. Variation in the width of wafers does 
not affect the configuration of the transformer terminal 
boards, and standardization is more easily obtained. 

Assembly of the completed coil onto the magnetic core 
calls for a degree of mechanization which seems de- 
pendent on the specific needs of the individual trans- 
former manufacturer. Full mechanization can be provided 
if the volume of transformers justifies it. Varying degrees 
of semi-mechanization may also be readily provided. In 
any degree, this semi-mechanized assembly would be 
advanced over the present production processes because 
of improved accessibility of the coil terminals. 

In order to obtain a production technique as flexible 
as possible, it has been decided that the experimental 
production line now being developed will produce a 
“basic” coil and core transformer. The basic transformer 
would then be readily processed for any special use re- 
quired by terminal board configuration or use in a 
printed circuit. 


Core Stacking Methods 


The most difficult problem of transformer assembly is the 
stacking of alternate “E” 
a coil. 


and “I” core laminations into 
Although equipment for interleaving laminations 
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is now available, a fresh study was initiated for two 
reasons: First, since this interleaving operation would 
undoubtedly be integrated into the transformer assembly 
process, new techniques might prove very useful or even 
necessary. Secondly, as an integral part of a mechanized 
production process, the mechanism would be required to 
be extremely reliable. Jamming would have to be avoided. 
This study also sought to determine to what extent, if 
any, the mechanism might be made adjustable for use 
with various sizes of laminations. 

Two basic methods for stacking an interleaved core 
have been examined. In the first, the core is stacked 
independently of the coil, the core then is pivoted open, 
the coil inserted onto the center leg of the E’s, and the 
core pivoted closed. When first tested, this technique 
seemed ideally suited to high speed production since 
laminations could be stacked very rapidly when no coil 
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Fig. 10—Comparison of space factors of copper and aluminum 
foil equivalent to No. 30 AWG magnet wire. 
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Fig. 8 (left)—Wafer coil 
with attached terminals. 


Fig. 9 (right) — Wire grid 
used for coil interconnection. 


was present. However, the tests also revealed that, though 
the smaller laminations (for example, EI-50) would pivot 
open and close satisfactorily, the larger and less stiff 
laminations buckled and failed to interleave. Also, the 
very wide gage tolerances (— 0.0012, -+ 0.0025 in.) 
allowed commercially in laminations do not permit any 
simple method by which the complete core might be inter- 
leaved in a single stroke operation. 

In the second method of interleaving, laminations are 
inserted alternately from opposite sides directiy into the 
coil. This is essentially the method employed in presently 
available equipment, but several new techniques were 
incorporated into this approach to reduce jamming. It 
appears likely that this method is most adaptable for 
use with the production equipment. 

The final problem of transformer assembly is to pro- 
vide a secure mounting, or base, for the core-coil. It was 
concluded early in the study that the strapping methods 
used for C-cores were undesirable for a fully mechanized 
line, but not for a semi-mechanized line. Tests have 
shown that a pressed steel channel type frame offers a 
positive means for securing both the E-I and C-type cores. 
(See Fig. 1.) Such a frame readily lends itself to a 
mechanized process and provides a secure mounting for 
the transformer. An end plate type of mounting is also 
under consideration. 

Under the present effort the production and assembly 
line will not impregnate, encapsulate or pot. 

Automatic testing equipment will reject defective 
wafers after winding and defective coil assemblies before 
stacking. A limited number of critical tests will similarly 
be applied to the finished transformer as it leaves the 
production line. 


Space Factor Considerations 


Since the conductivity of aluminum on an equal con- 
ductor size basis is only approximately 60 per cent that 
of copper, a greater quantity of aluminum must go into 
the winding. Study has shown that no size penalty need 
result from this enlarged foil cross-section. In Fig. 10 
the number of turns which may fit into 1 sq. in. of trans- 
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former window are plotted for layer-wound copper wire, 
aluminum foil, and copper foil. Because wafer construc- 
tion utilizes the more space-efficient ribbon, a wafer 
aluminum foil transformer would be generally the same 
size as its standard copper magnet wire equivalent. 
Similar curves have been computed for equivalent wire 
sizes ranging from Nos. 20 to 40. The same pattern was 
evident throughout. 

It is also apparent from Fig. 10 that the use of copper 
foil would permit a major step toward miniaturization. 
Smaller volume and lower weight are immediately evi- 
dent. 

Testing has already shown that the wafer type of con- 
struction allows better cooling of the coil. Unlike standard 
layer-wound coils in which one or more windings are 
completely covered except for the ends, wafer construction 
allows each winding to dissipate heat directly to its sur- 
roundings. The uniformly thin insulations which sepa- 
rate each ribbon in the wafer facilitate heat transfer to 
the outside. Of equal importance, the inter-wafer terminal 
cards (previously illustrated) may be used expressly to 
help conduct heat out of the coil center, acting much like 
the fins of a heat exchanger. 

An experimental test line has been built in which all 
the major operations of wafer transformer production 
and assembly are mechanized. Design of a prototype pro- 
duction line to accomplish wafer production, coil assem- 
bly, and transformer assembly will be based on conclu- 
sions drawn from operational experience with this 
experimental line. O00 
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New Glass 
Dielectrics 


Several new compositions, based primarily on the use of major amounts 


of titanium dioxide, appear to show excellent application possibilities by 


virtue of high dielectric constant, low dissipation factor, and moisture 


stability. These materials may be worked by automatic equipment at con- 


ventional temperatures. Applications include high-temperature capacitors, 


high-temperature insulators and capacitors, glass-to-metal seals, and sin- 


tered glass shapes. 


W. E. HAUTH, JR 

A. L. PUGH, JR. 

Research Division 

INTERNATIONAL RESISTANCE COMPANY 
Philadelphia, Pennsylvania 


GLASS, AS A DIELECTRIC MATERIAL, has many desirable 
properties. It can be prepared by relatively simple and 
inexpensive operations, as mixing and melting, and is 
adaptable to being formed in a multitude of shapes by 
automatic forming techniques. Perhaps the most desirable 
characteristic is the ability to form stable glass mate- 
rials in a multitude of chemical systems and over a wide 
range of compositions within a given system. 

Because of these advantages, several new glass systems, 
for which patent applications have been made, have been 
investigated in an effort to extend the dielectric prop- 
erty range of glasses. Some of the glasses discussed here 
offer unique properties and should prove useful in a 
number of dielectric applications. 

Initial evaluation tests indicate that glasses from these 
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systems may find use in one or more of the following 
applications: 

1. Low-capacitance general-purpose capacitors (“gim- 

mick” types) 

2. Miniature capacitors 

3. High-temperature capacitors 

4. High-temperature insulators 

5. Glass-to-metal seals or terminals 

6. Feed-through condensers 

7. Sintered glass shapes 


These glasses have been prepared in laboratory batches 
and can be made available, in small quantities, for evalu- 
ation. Details of composition and properties follow: 


Titania-Containing Glasses 


Titanium dioxide has long been used as a minor addi- 
tive to glass compositions; however, the addition of major 
amounts has been found to yield glasses having novel 
properties. Figure 1 represents the triaxial composition 
diagram for the system K2O*Si0.*TiO,. The solid line 
encloses the area of stable glasses and the dashed lines 
represent contours of dielectric constant. It will be noted 
that increasing titania content causes an increase in di- 
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Properties of Glass Systems 


| 
Dissipa- 
tion 
factor 


Dielectric 
constant 


30 0.006 
15 0.003 
17.3 0.004 





. Na-Ca-Si-Ti 
E-48 


. Pb-Ge 
G-323 
G-327 





. Commercial* 
Na-Ca-Si 7.2 
(Corning 0800) | 
Pyrex 7740 4.6 
High Lead 9.5 
(Corning 8870) 


0.006 


0.004 
0.009 





*All commercial data, excepting dielectric strength, catalog values. 


electric constant (K), varying from K = 6 to K = 12. 
Any intermediate value is readily attainable by the proper 
choice of composition. It may also be seen that there 
exists a range of compositions having different manu- 
facturing working properties for a given K value. An 
optimum composition can therefore be chosen for the 
process to be used. 

Titania may be used as a major constituent in other 
common glass systems in a manner analogous to the 
K,O°SiO.°TiO. system. The addition of TiO, to the 
soda-lime-silica glasses has resulted in dielectric con- 
stants ranging from K = 6.5 to K = 15. (Note range 
for conventional glasses as shown in Table I.) 


Fig. 1—Solid lines enclose area of stable glasses 
in this triaxial diagram of the potash-silica- 
titanium systems. Dashed lines give the dielec- 
trie constant values. Note how these values 
increase with the increase of titanium dioxide 
content. 
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Fig. 2 (left)—Presence of TiOz re- 
duces the susceptibility of glass mois- 
ture. This graph shows the relation- 
ship between the content of TiO2 and 
the per cent of alkali extracted from 
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The presence of TiO, has another highly desirable 
effect, that of reducing the susceptibility of the glass to 
attack by moisture. Figure 2 shows the influence of TiO. 
content on the per cent of alkali extracted from powdered 
glass on treatment in water at 96 C for 5 hr. For a pot- 
ash glass, which is relatively easily attacked, the addi- 
tion of 15 per cent TiO. reduced the alkali extracted 
from 8 per cent to 0.06 per cent. The improvement in 
the more resistant soda-lime glass is less striking but 
nevertheless significant. 


High Lead Glasses 


Glasses containing from 60 per cent to 80 per cent of 
lead oxide have been found to have interesting dielectric 
properties. PbO-SiO. glasses in these compositions have 
dielectric constants in the range K = 14 to K = 18 and, 
by an addition of other materials, such as TiO., may 
yield dielectric constants as high as 25. 

It is also possible to prepare these glasses with the 
substitution of germanium oxide for the silica. Some 
properties of such a glass are presented in Table I. 


Bismuth-Cadmium Glasses 


Glasses in this system are composed of bismuth oxide, 
cadmium oxide, and silica. The area of composition is 
shown in Fig. 3, delineated by the solid line. The dashed 
lines indicate the value of dielectric constants as in the 
case of Fig. 1. 

Listed in Table I are several properties of represen- 
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powdered glass on treatment in water. 


Bi20s- CcdO- $02 
gloss system 


Fig. 3 (above)—Triaxial diagram showing 
composition and dielectric constant (dashed 
lines) of bismuth-cadmium-silica glass systems. 


tative glasses from the previously discussed systems. 
These properties were chosen to give a basis for selec- 
tion of glasses for various dielectric applications. Screen- 
ing tests were then performed where applicable to obtain 
an initial evaluation of the various glasses. 


Capacitors 


Four glasses were selected for initial evaluation as 
possible capacitor dielectrics. Three of these were in the 
dielectric constant range K = 11 to 15. These were 
(1) a potash-silica-titania glass A-359, (2) a soda-lime- 
silica-titania glass E-48, and (3) a high lead glass. The 
fourth glass was from the bismuth-cadmium-silica sys- 
tem, H-1-D, having K = 30. 

The glasses were prepared in the form of thin sheets 
and electroded with a silver-varnish paste. Approxi- 
mately 20 samples of each type were submitted to tem- 
perature coefficient, drift, and load life tests as specified 
in RETMA Proposed Standard for Fixed Composition 
Capacitors. The capacitance range varied from 5 ppf to 
20 pyf, depending on the type of glass used. All units 
were rated at 500 volts for test purposes. 

Temperature coefficient measurements over the range 
—55C to 85C showed all systems to be within +4 per 
cent of the room temperature value with the exception of 
the low pemperature end on the potash-silica-titania glass. 
Drift due to the temperature excursion was 0.2 per cent 
or less, again excepting the potash glass. 

Life tests were performed at 70C with rated voltage 
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H-I-D glass 
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Fig. 4—Changes in dielectric constant and 
dissipation factor with temperature for 
ene of the bismuth-cadmium-silica glasses. 


being applied for 24 hr followed by one and one-half 
rated voltage for 500 hr. 

It was concluded from these initial evaluations that 
the soda-lime-silica-titania system, with dielectric con- 
stants up to 15, and the bismuth-cadmium-silica system, 
with dielectric constants up to 30, are the most suitable 
for this class of inexpensive capacitor. It should be noted 
that the above tests were performed on single thicknesses 
of glass and that, by stacking such elements in series, 
very high capacitance values or greatly reduced sizes 
may be attained because of the inherent high dielectric 
constants of these glasses. Further studies on these glasses 
are in progress utilizing higher quality terminations and 
investigating both single layer and stacked types. 


High-Temperature Dielectrics 


Current ti ends in electronics indicate a need for com- 
ponents and insulators capable of operating at greatly 
elevated ambient temperatures. Some of these glasses, 
as shown in Table I, have resistivities unusual for this 
class of materials. Glass H-5-B has a resistivity vs tem- 
perature characteristic equivalent to the best borosilicate 
glasses (low loss electrical) and very close to that of 
fused quartz (p = 4 X 101° at 300 C). Glass G-327 
has an extremely high resistivity and a relatively low 
change in resistivity with temperature, making it unique 
as a vitreous material. I will be noted that its resistivity 
at 300 C is 5 & 1011! ohm-cm, or a decade higher than 
fused quartz. 
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Since the property data obtained on these glasses in- 
dicated that they may offer excellent promise as basic 
materials for high temperature capacitors, the data shown 
in Fig. 4 were obtained. This shows the variation of 
dielectric constant and dissipation factor over the tem- 
perature range of 25C to 315C for H-1-D glass. These 
data indicate that this glass could serve as a capacitive 
dielectric having, at 250C, a dielectric constant of 33 
and a dissipation factor of 0.002. The shape of the dis- 
sipation curve indicates that a threshold value of tem- 
perature exists above which the glass becomes lossy 
rapidly. This value will undoubtedly vary with glass 
composition. The dielectric constant appears to increase 
with temperature, accompanied by an increase in tem- 
perature coefficient. 


Sealing Properties 


Many electronic‘ uses of glass are based upon its ability 
to form a seal to metals. Since many of the glasses de- 
veloped offer the unique combination of high dielectric 
constant, good resistivity and high thermal expansion 
coefficients, screening tests to determine wettability, flow, 
and adhesion were performed with Dumet and a nickel- 
iron alloy (Driver-Harris No. 146). Table I shows the 
value of coefficient of linear expansion for these glasses. 
Successful seals were obtained on some glasses as shown 
in the table. The fact that seals were not obtained on the 
other glasses should not be interpreted as unsuitability 
for sealing applications. In this preliminary study, the 
all-important factor of proper selection of sealing con- 
ditions was not fully explored. 


Sintered Glass 


Sintered glass shapes are prepared by heating pre- 
formed aggregates of powdered glass so as to -ause them 
to coalesce. Certain shapes may be prepared more easily 
by this technique than from the molten glass. Studies on 
these glasses have indicated that all systems except those 
containing bismuth and cadmium are amenable to this 
method of fabrication. 


Conclusions 


Evaluation of the glasses discussed here shows that 

these materials possess the following qualities: 

1. Dielectric constants as high as 30 can be obtained 
and any of the systems is capable of giving values 
well in excess of conventional glasses. 

2. Dielectric constant values can be varied almost 
continuously by composition control and, at most 
values, can be maintained constant while composi- 
tional adjustments can be made to give more 
desirable working properties. 

3. Dissipation factor values for most of the glasses 
are below 0.005 at 1 megacycle as compared to 
Mylar polyester film with a value of 0.016. 

4. Exceptionally high electrical resistivities at elevated 

temperatures were observed in some systems. 

5. Coefficient of linear expansion range from 70 
10-7 deg C to 110 & 10-7/ deg C, a range of values 
which includes many of the metals commonly used 
in glass-to-metal seals. O00 
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Adjustable speed drive for this 250-ton pro- 
duction press is a General Electric 30-hp 
Schrage motor (sold under the G. E. designa- 
tion of “ACA”) 


The Schrage Motor for... . 


Wide-Range Adjustable 


Although little known in this country, 
the ingenious Schrage motor is widely 
used by European designers requiring 
adjustable speed in equipment ,drives. 
It is a single-machine drive operating on 
the induction motor principle; has good 
efficiency over 20 to 1 speed range; can 
be adapted for constant torque or con- 
stant horsepower. And, add to these in- 
centives an expanding control technology 
that makes the Schrage motor suitable 
for regulating, load sharing and feed- 


back systems. 
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\LTHOUGH THE THREE-PHASE INDUCTION MOTOR is un- 
surpassed in general-purpose constant-speed applications, 
it is not inherently suitable for adjustable speeds. How- 
ever, the excellence of the induction motor as a basic 
machine has spurred many successful attempts to adapt 
it for at least a limited range of adjustable speeds. 
Mechanical speed changers and wound-rotor designs, for 
example, have made possible considerable use of the in- 
duction motor beyond the area of constant speed. In 
Europe, this objective has been served admirably by the 
a-c adjustable speed machine known as the Schrage 
motor. In fact, it is safe to say that over there the Schrage 
motor has the same prominent status enjoyed by the 
Ward Leonard drive in this country. While some who are 
familiar with it believe the Schrage motor to be poten- 
tially the most dominant factor in adjustable speed, 
American machinery designers are largely unfamiliar 
with its operation and capabilities. 

The Schrage motor, Fig. 1, is a commutator-type, 
brush-shifting, adjustable-speed machine. When running 
at a given speed setting, it is basically the same as a poly- 
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To slip rings 


and power 


Fig. 2 (right) —Schematic 
diagram of Schrage motor 
showing use of commutator 
and adjusting winding for 
speed changing. 


Primary winding 


on rotor 


Speed from “Strat 


phase induction 


motor—-with one major difference. 
Whereas in the conventional induction motor, three- 
phase power is brought to the stator, it is fed to the rotor 
ol the Schrage machine. Hence, it is the rotor that de- 
velops the rotating magnetic field characteristic of all 
three-phase induction motors. The stator of the Schrage 
motor may be represented as a stationary squirrel-cage 
winding. 

Speed Adjustment. The conventional squirrel-cage 
motor has no provision for speed adjusting. In wound- 
rotor motors, external connected in the 
secondary permits speed adjustment. However, this is 
accomplished at the cost of high energy losses in the 


resistance 


external resistance. Moreover, the motor speed will vary 
if the load fluctuates. Such characteristics, of course. 
limit the application of the wound-rotor type motor. 

In contrast, the speed of the Schrage motor is changed 
by simply varying the induced voltage in the squirrel- 
cage stator. Thus, while the speed of a wound-rotor in- 
duction motor is determined by the strength of the mag- 
netic field caused by current induced in the rotor. the 
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ght 


Fig. 1 (left)—Cutaway view of Type 
ACA, series “E” adjustable-speed induc 
tion motor of Schrage design. This is 
typical of frames 224 to 236. 


Commutator and 
commutator winding 
on rotor 


Secondary winding 
on stetor 


A-c” 


speed of the Schrage motor is determined by the strength 
of the magnetic field caused by current induced in the 
stator. A high induced field in the secondary windings 
(stator) results in higher speed; a reduction in the mag- 
netic field in the secondary decreases the motor speed. 

On top of the primary windings on the retor, the 
Schrage motor has an additional independent winding 
called the adjusting winding, which is connected to a 
commutator. A voltage is induced in the adjusting wind- 
ing by the primary winding. The commutator and brushes 
act as a rotating slide-wire voltage divider for tapping 
portions of the induced voltage in the adjusting winding. 
Brushes, connected to both ends of each phase of the 
secondary windings (stator), take the adjusting voltage 
from the commutator. The commutator also acts as a 
frequency matching device giving an adjusting voltage 
of the same frequency as the induced secondary voltage. 
he winding arrangement is shown schematically in 
Fig. 2. 

Figure 3(A) shows the brushes of both ends of a given 
phase of the secondary winding on the same commutator 





segment. This short-circuits the adjusting winding and 
the motor operates at its synchronous speed with squirrel- 
cage induction motor characteristics, and a secondary 
100v sec. voltage dependent upon basic design parameters. Fig. 
+ Ov adj. 3(B) shows the brushes moved apart with the aiding 
100v net secondary adjusting voltage injected in series with the stator wind- 
ing. This gives a new secondary voltage, strengthening 
the magnetic field of the stator and causing the motor 
to run above its synchronous speed. 

If the brushes are in the opposite direction, Fig. 3(C), 
the polarity of the adjusting voltage is reversed and it 
opposes the secondary induced voltage, reducing it, and 
slowing the speed of the motor below its synchronous 
speed. Thus, the Schrage motor has an infinite number 
of pseudo-synchronous speeds corresponding to the dif- 
ferent secondary voltages as determined by the magni- 

+ 50v adj. tude and polarity of the injected adjusting winding volt- 
ISOv net secondery age. The speed range of a Schrage motor depends only 
on the ratio of the adjusting voltage to the secondary 
voltage and the synchronous speed of the motor. Theo- 
retically, the Schrage motor can be designed for any 
speed range. If the ratio is 1, the motor can run from 
zero rpm to twice its synchronous speed—all by shifting 
the brushes. The practical limit of speed range is twice 
synchronous in one direction to synchronous speed in 
the opposite direction. 

Performance Data. The principle advantages of the 
Schrage motor is that it is a single, self-contained ma- 
chine operating directly from a-c power and having a 

ns practical speed range as great as 20 to 1 with high 

-50v adj. efficiencies. In contrast, the wound-rotor motor with ex- 
5Ov net secondary ternal resistance is not properly classified as an adjust- 
able-speed motor since the term implies shunt-motor 
characteristics over the speed range. It is a varying speed 
motor, but is a popular choice when economy is the 
prime consideration and a direct a-c drive is desired. 
In order to effect speed change with the wound-rotor 
motor, it is necessary to distort its speed-torque curve 
into a straight line, Fig. 4. A straight-line speed-torque 
curve is a series-motor characteristic. The wound-rotor 
motor is rarely used for speed ranges in excess of 2 to 1. 

The eddy-current clutch and adjustable sheave are 
among the most well-known types of mechanical devices 
used in conjunction with the single-speed induction 


50 


Adjusting 
winding 


> 
° 
0 


Secondary 
Adjusting 


Fig. 3—Sketches show interaction 

of secondary and adjusting voltages 

to effect speed changes. (A) Ad- 

justing winding is short-circuited 

60 secondary voltage peramerid = Wound - rotor w/external Schroge motor 
changed. (B) Adjusting winding resistance brush shifting 
adds 50 volts. (C) Adjusting wind- 
ing subtracts 50 volts. 


Fig. 4 (right)—Comparison of the 
speed-torque curves of a wound 
rotor motor with external-resistance 
speed control with those for a 
Schrage motor. Note how the nor- 
mal induction motor characteristic 
is distorted into a straight line in 
a wound-rotor machine. 
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motor. These drives, too, suffer inherently from poor 
efficiency at reduced speeds in excess of 2/1. They also 
have the disadvantage of space requirements in the larger 
sizes above 50 hp. 

Figures 5 and 6 present sets of characteristic curves 
for two typical Schrage-type motors. It is important to 
note the high power factor at high speed and the rela- 
tively high efficiency at base speed for both motors when 
considered in comparison with other adjustable-speed 
systems. A feature that makes the Schrage-type motor 
particularly adapted to pump and compressor applica- 
tions is that its efficiency does not drop a significant 
amount from top speed to half speed over a load range 
of full load to half load. In addition, the machine has 
adequately good power factor over the same speed-load 
range. 

This excellent efficiency characteristic also justifies the 
use of the Schrage motor as a constant-horsepower drive 
using half speed as the “base speed” commonly referred 
to in d-c nomenclature. In so doing, the user is penalized 
no more with the Schrage motor than he is with a com- 
parable constant-hp adjustable-speed d-c motor, since 
both motors must be selected in terms of the base-speed 
horsepower. Motors are inherently constant-torque de- 
vices. A constant-horsepower machine has diminishing 
torque effort requirements as speed is increased above 
base speed and is, therefore, loaded much less than the 
inherent capacity of the machine. It can be said that the 
Schrage motor has constant-torque and constant-horse- 


power capabilities in the same sense that d-c motors have, 
although they are not achieved in the same way. 
Starting kva per horsepower for the Schrage motor is 
from 30 to 60 per cent less than for the conventional 
squirrel-cage induction motor, depending upon the speed 


ratio of the particular motor. A 200-hp, 440-volt, squirrel- 
cage induction motor draws approximately 1000 kva on 
full-voltage starting. The comparable 200-hp, 440-volt, 
3/1 speed ratio Schrage motor has a full-voltage starting 
load of approximately 350 kva. This, of course, obviates 
the need for reduced-voltage starting for the majority 
of Schrage motor applications and simplifies the control 
problems, particularly with a reversing starter. 

The greater the speed ratio, the lower the base-speed 
starting kva. The nearer the Schrage motor base speed 
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Fig. 5—Efficiency and power factor curves for Schrage motor 
rated at 15/0.75 hp, 2000/100 rpm, 3 phase, 60 cycles. 
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approaches synchronous speed, the more the starting kva 
approaches the value of an equivalent squirrel-cage in- 
duction motor. For example, the 200-hp, 2/1 speed ratio 
Schrage motor would pull approximately 550 kva. Due to 
commutator limitations, all motors larger than 5 hp are 
required to start with their brushes in the low-speed 
position. In fact, the motor controls are interlocked to 
insure this low-speed starting. Curves contrasting kva 
per horsepower for both induction motors and Schrage 
motors are shown in Fig. 7. 

The Schrage motor operates on an infinite number of 
induction-motor speed-torque curves. The starting torque 
at low speed for 3/1 machines is at least 200 per cent 
for the smallest sizes and 140 per cent for the largest 
size. Maximum torque varies from 200 per cent in the 
lowest rating to approximately 140 per cent for the larg- 
est. In all ratings, the maximum torque at high speed 
is at least 250 per cent. From these values, it is apparent 
that the Schrage motor has an outstanding starting torque 
per ampere ratio, compared with other induction motors. 

Motors having a speed ratio of 3/1 or less have speed- 
torque curves very similar to those of the NEMA Design 
B induction motor. As the speed ratio is increased, the 
speed-torque curves approach the general shape of the 
NEMA Design D characteristic. In general, the starting 
torque for a 20/1 motor at the base speed does not ex- 
ceed 100 per cent. The corresponding starting kva is 
likewise approximately 100 per cent of full-load kva. 

The Schrage motor has been built in horsepower rat- 
ings as large as 600 hp at 25 cycles. At present, the largest 
size available from the General Electric Company is 200 
hp, 60 cycles. There is a maximum “horsepower-per- 
pole” ceiling governed by the upper limit of the flux per 
pole that sets a ceiling on the maximum horsepower avail- 
able from a given pole combination. Thus, a 6-pole motor 
has an upper ceiling in the order of 100 hp with a speed 
ratio of 2/1. Since the commutator is in series with the 
secondary, it must handle “slip power.” It follows that 
the commutator will be the limiting factor in wide-speed- 
range motors since these motors will have a great di- 
vergence from synchronous speed and, hence, increasingly 
greater slip power. 

If a Schrage motor is driven at a speed above the no- 
load speed corresponding to the particular brush posi- 
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Fig. 6—Efficiency and power factor curves for Schrage motor 
rated at 75/25 hp, 1650/550 rpm, 3 phase, 60 cycles 
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Fig. 7—Comparison of starting torques and starting kva per 
horsepower for conventional induction and Schrage motors. 


Knob position, revolutions 


big. 8—Relationship between the number of revolutions of the 
brush-adjusting handwheel and the operating speed of a 3-hp 
Schrage motor. Nonlinearity must be taken into account when 
designing controls for this motor. 
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tion, it will generate and pump power back to the line 
The motor can be effectively regeneratively braked to 
base speed by rapidly restoring the brushes to the low- 
speed position. Obviously, the wider the speed range, 
the more effective this method of braking can be. For 
example, a 20/1, 1800/90 rpm motor can be braked to 
within 90 rpm of standstill. Except for applications re 
quiring precise indexing, this is equivalent to a full stop. 

From Fig. 8, it is seen that the rate of change of speed 
with brush-adjusting handwheel turns is a cosine func- 
tion. This factor must be taken into consideration when 
using linear positioning devices, such as dancer rolls to 
actuate the motor handwheel for speed control. If elec- 
tric control is used, this nonlinearity can be compensated 
for by using a sine potentiometer in the balancing circuit. 

Accessories and Control. Some of the accessories 
available to increase the usefulness of the Schrage motor 
are the pilot motor, preset speed device, motor-mounted 
brakes, plugging and zero-speed switches, tachometer 
generators for speed indication and regulation, and flex 
ible cable for manual remote control. The pilot motor. 
which operates the brush-shifting handwheel and per 
mits push-button remote control, is usually a single-phase. 
capacitor type, fractional-hp gear motor. The common 
gear output speeds are 12, 29 and 57 rpm in the smaller 
sizes and give brush-shifting times from 22 to 4.5 sec 
depending on the frame size of the Schrage motor. In 
the larger ratings of 100, 150 and 200 hp, the pilot motor 
speed is usually limited to 4 rpm in order to keep the 
accelerating currents below 200 per cent, particularly if 
the application requires frequent speed changing. 

Although the capacitor-type pilot motor is the most 
popular, other types have advantages in specific areas 
of application. The d-c series pilot motor lends itself to 
control schemes more so than the capacitor type. The d-c 
shunt-wound pilot motor is often used with high-accuracy 
speed-regulating control. Some arrangements provide 
steady-speed regulation in the order of 0.1 per cent. 

As indicated above, the pilot motor may serve as a 
simple electrical remote speed control or it may be the 
basic element in a more elaborate control scheme, such 
as the common “preset speed device.” For other than the 
crudest control schemes, the preset speed device is a 
practical necessity, primarily because of the need to start 
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Fig. 9 (left)—Drive end of 
Schrage motor showing external- 
ly mounted disk brake. The use 
of brake aids in preventing 
overheating of motor windings 
with repeated starts and stops. 


Fig. 10 (right)—This Schrage 
motor includes features typical 
of those now supplied in punch- 
press drives. Motor is rated at 
40/13.3 hp, 1650/550 rpm and 
has plugging switch, tachometer 
generator and pilot motor. 


all but the smallest ratings with the brushes in the low- 
speed position. When a Schrage motor having pilot-motor 
operated brush gear is stopped, the pilot motor auto- 
matically returns the brushes from wherever they may 
be set to the low-speed position. An electrical-preset- 
speed device is also a positioning control which has a 
positioning accuracy in the order of 2 per cent. 

The actuating signal is provided by a balancing cir- 
cuit consisting of two potentiometers. One of these has 
its shaft geared to a worm gear on the pilot-motor shaft. 
The gear ratio between the pilot-motor shaft and the 
potentiometer is such that the full span of the potenti- 
ometer is covered when the pilot motor has moved the 
brushes from one extremity to the other. The second 
potentiometer is mounted on the control panel at the 
operator's station. There are a number of different ver- 
sions of positioning controls available using either “on- 
off’ relay system or proportional control. In both of 
the latter systems, an unbalance of the two potentiometers 
energizes either the fast or slow field of the pilot motor. 

Motor mounted brakes, Fig. 9, provide a mechanical 
means of stopping the motor quickly and with a minimum 
of heating in the motor. This is particularly significant 
in the case of the Schrage motor which has a considerable 
inertia for its size. Electrical braking methods have very 
definite limitations because of commutating and heating 
difficulties. 

In many applications, it is important that provisions 
be made to prevent the operator from accidentally plug 
reversing the motor. The anti-plug device used for this 
purpose is a rotating switch with its shaft direct coupled 
to the motor shaft. The contacts are tied in series with 
the moter star button. When the motor speed exceeds 
about 40 rpm, centrifugal force opens the switch con- 
tacts and prevents the operator from picking up the 
reverse contactors. Essentially the same switch can be 
used as a plugging switch to prevent a motor from con- 
tinuing in the reverse direction after it has been plugged 
to zero speed. This switch has normally open contactors 
which are closed by centrifugal force when the motor 
exceeds the 40 rpm. 


Both a-c and d-c tachometer generators are widely 
used for speed indication and for feedback voltage in 
regulating systems. In general. the tachometer generator 
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is used with a calibrated voltmeter to indicate speed at 
a low cost, whereas the d-c tachometer generators are 
ideal for measuring speed on such applications as paper, 
textile machinery, machine tools, etc., where accurate 
speed measurement is necessary. These units are pre- 
cision built with a high order of accuracy and stability, 
and can be temperature compensated, Fig. 10. 

Schrage Motor Control. In one of its simplest forms, 
the Schrage motor adjustable-speed system consists only 
of the motor, appropriate standard-induction motor 
starter, and a start-stop push button station. Manual 
rotation of the motor handwheel provides continuous ad- 
justable speed over the rated speed range with a shunt- 
motor regulation characteristic. However, the Schrage 
motor can compete in the adjustable-speed market in 
applications requiring a wide range of control com- 
plexities. 

In considering a Schrage motor control scheme, the 
control engineer must think in terms of any one or com- 
bination of primary control, secondary control, or change 
in the handwheel position. Since the Schrage motor is a 
derivative induction motor, primary control does not 
afford very much flexibility. Reduced voltage does not 
significantly affect speed change and the starting kva per 
horsepower for the Schrage motor is so low as to elim- 
inate all needs for reduced-voltage starting for even the 
highest horsepower motors. 

Secondary control, on the other hand, increases the 
flexibility and extends the limitations of the motor. The 
Schrage motor has a wound secondary with external 
leads brought out to the conduit box. This means that 
the motor characteristics can be altered to suit the needs 
of a paricular application function. This alteration is 
accomplished by means of varying amount of external 
resistance. External secondary 
these purposes: 


resistance is used for 


1. To obtain creep speeds below the minimum 
speed obtainable by handwheel adjustment. 

2. To limit commutating current during plugging. 

3. To limit commutating current when starting in 
other than the base-speed position. 
To obtain increased starting torque in the same 
manner that external resistance is used for 
conventional wound-rotor motors. 





5. To obtain controlled acceleration from stand- 
still to base speed on motors smaller than 
15 hp. 

The brush positioner (handwheel or pilot motor) is 
the most important variable in the motor. Singly, or in 
combiration with some form of secondary control, it 
enters into all functions of the motor. The pilot motor 
is selected after consideration of the following data: 

1. Required time to accelerate the motor from 
base speed to maximum speed. 
Required time to decelerate the motor from 
maximum speed to base speed. 
The minimum speed of response of the pilot 
motor and Schrage motor system. 

4. The pilot motor duty cycle—expected number 

of starts and reversals per minute. 

The time for the motor to accelerate from base speed 
to maximum speed is primarily a function of the pilot- 
motor rpm and the number of handwheel turns of the 
brush gear necessary to shift the brushes from their 
minimum to maximum position. The minimum accelerat- 
ing time is usually limited by the magnitude of accelerat- 
ing current that the Schrage motor can commutate, and 
the frequency of the starts. A working rule of thumb, 
which is practical and conservative for the motor, limits 
the accelerating torque to 150 per cent based on the 
formula: 

WK*aN 


T 2 (1) 
308 t 


9 
<. 


where: 
i: average accelerating torque, ft.-lb. 


WR? 


= total inertia of motor and load referred to 
motor shaft, lb.-ft." 


AN = speed increment, rpm 


t = time to cover required speed increment, 
sec 


In applications where a special and particularly short 
accelerating time is required, it is necessary to take a 
closer look at the torque requirements. The curve of 
handwheel turns vs motor rpm is a cosine curve. This 
means that although the average accelerating torque is 
within the prescribed limits, the instantaneous maximum 
torque may exceed the recommended safe values for good 
commutation, or conceivably could exceed the torque 
capacities of the machine if the accelerating time were 
short enough. The maximum rate of change of speed is 
defined by the following equation: 

An AN 7 
a3 “TF 

This value in rpm per sec can be inserted into Eq. 1 
to determine the maximum accelerating torque. 

The second of the above considerations for pilot motor 
selection, time to decelerate to base speed from maximum 
speed, is normally consistent with the first when using 
a single-speed capacitor type induction motor as a pilot 
motor. In the case of a d-c shunt pilot motor, much 
flexibility is available to the control engineer in estab- 
lishing variable rates of pilot motor acceleration. If the 
decelerating rate exceeds accelerating rate then, of course, 
a check similar to the above must be made to determine 
that the motor can stand the application requirements. 

The minimum speed of response of the pilot motor and 
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Schrage motor system has significance in regulating 
circuits using the feedback type of control. It is beyond 
the scope of the article to elaborate on control problems 
of a closed circuit regulated drive, but the parameters 
which must be defined on the Schrage motor are: (1) the 
time required to move the brushes an increment corre- 
sponding to a given number of rpm; and (2) the time 
for the Schrage motor to respond to this stimulus in 
terms of torque per rpm. Of course, the speed of re- 
sponse of the system is a direct function of the inertias 
involved. 

The pilot motor also is an important item in regen- 
erative braking of the Schrage motor. Actually, every 
time that the motor handwheel turns the brushes to a 
position corresponding to a lower speed, the motor slows 
down to the new speed by regenerative braking. When 
the brushes are moved to low speed setting, the motor 
is momentarily running at super-synchronous speed and 
pumps power back into the line. The pilot motor per- 
mits a uniform braking effort. 

If an application requires the use of a wide speed 
range motor, such as 2000/100 rpm, then regenerative 
braking provides a very effective and inexpensive stop- 
ping. Depressing the stop button energizes the slow field 
of the pilot motor which returns the brushes to the mini- 
mum position and trips a limit switch which drops out 
the main motor contactor. The maximum rate of decel- 
eration is governed by much the same criteria as out- 
lined above under the subject of motor acceleration. 

In some applications such as double-motor printing 
press drives, it is required that two drive motors on a 
common shaft share the load equally—or nearly so. Load 
sharing control can be devised for the Schrage motor 
which will permit the motors to equalize the load within 
10 per cent. The basic elements of this control consists 
of a current transformer in one leg of the primary of 
each motor. The secondary outputs are rectified and 
fed to a differential sensing system. When the current 
through secondary J is greater than the current through 
secondary 2, an unbalance occurs which causes a relay 
to pick up the slow field of the pilot motor J. The pilot 
motor shifts the brushes so that motor J is operating on 
a different speed torque curve and, therefore, gives a 
more even distribution of load. If the current through 
secondary 2 is the greater, the operation is reversed. The 
sensing elements can be in a number of different forms. 

Applications. On the Continent, the Schrage motor 
is an established performer in sugar centrifuges, which 
is an extremely severe duty cycle involving very high in- 
ertia loads and long accelerating times. It is probably 
the most commonly used motor for cement kiln drives 
where the primary requisite is high starting torque in 
the order of 250 per cent. It is used also on log carriage 
drives, veneer peelers, boring mills, rolling mills, wire 
drawing machines, extruders, rewinders, printing presses 
and numerous other types of machines. 

The Schrage motor is widely used on the Continent 
on crane and hoist applications. The motor has a con- 
stant-torque characteristic throughout its speed range, 
which means that it is capable of handling loads up to 
the maximum rate of the mechanical design of the 
cranes in all speeds and, therefore, its characteristics do 
not limit it to lifting heavy loads at low speeds and 
lighter loads at higher speeds, as is the case with the usual 
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The Dry Circuit Problem 


Some further thoughts on the unpredic- 
table failure of relay contacts to close a 
circuit when handling milliamperes at 
millivolts, particularly important in mili- 
tary electronic systems. ““Miss”’ test cir- 


cuit illustrated. 


To AN ELECTRONICS ENGINEER a relay is simply a black 
box into which is fed a voltage which can be used to 
control a number of other voltages. A relay with a rea- 
sonably sound mechanical structure will switch loads of 
30 volts and upwards at currents of several hundred milli- 
amperes and more very reliably as long as this is within 


What is a “Dry Circuit’? 


1 volt 


(noise with 
error signal) 


the manufacturer’s ratings. Until recently, the major 
problem with relays, from a designer’s point of view, 
was suppressing the spark caused by the induced voltage 
when the coil is de-energized. 

The relay is also an extremely useful tool for signal 
switching, sampling circuits, and for low frequency car- 
rier operation. Here, the power switched is usually very 
small, and the circuit designer frequently finds his con- 
tacts switching millivolts and microamperes. The black 
box can then become an extremely troublesome machine 
because dry circuit problems then predominate. A dry 
circuit, as far as a relay is concerned, is one in which 
the voltage and current levels of the circuit being 
switched are extremely low, although no specific values 
have been assigned. 

The first indication of dry circuit trouble occurs some 
what as follows: the engineer making measurements on 
a breadboard or prototype equipment notices an erratic 
behavior followed by a resumption of normal operation. 


Iw 
a 


I 
ty | 
1 cps 


By. 
source 


But watch out here. At null, relay contacts interrupt 2 
microamp. Dry circuit condition certain to develop if 
conventional power relays are specified. 


No trouble here. Relay 
contacts interrupt 2 amp. 
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Dry-circuit relay tester circuit, with failure indicator. 


220k 
0.0047 


}2AX7 


Contocts 
under 
test 

680 1. 


Coil of relay 
under test 


Chis behavior may not repeat for hours or days, depend- 
ing upon the frequency with which the relay is energized 
and the inherent disposition of the relay contacts to 
form high resistance circuits. If the engineer is fortunate. 
he realizes the problein he is dealing with and takes pro 
tective measures. 

Many theories have been advanced as to why two relay 
contacts come together in a hermetically sealed enclosure. 
make mechanical contact, and yet have an electrical re- 
sistance less than an ohm on one operation, more than 
a megohm a few operations later, and back to less than 
an ohm immediately afterward. One school of thought 
holds that organic material in the bobbin, insulations, o1 
solder flux is boiled off and deposited on the contacts 
forming an insulating film. In line with this, at least 
one manufacturer encapsulates the coil before sealing the 
entire relay. While relays have been observed that op- 
erated satisfactorily in a dry circuit application with 
globs of rosin on the solder joints, there is substantial 
evidence that operating room cleanliness is a sound ap- 
proach toward building good dry-circuit relays. 

Another school of thought claims that in the choice of 
contact material lies the solution to the problem, on the 
theory that certain materials pulverize or oxidize and 
form insulating particles between the contacts. Palladium 
is thought to be susceptible to this action, yet the writer 
has tested relays with palladium contacts and found them 
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operating for two million operations without a single 
high impedance open or “miss.” Yet subsequent batches 
of this model were extremely poor. Most authorities agree 
that contact wipe offers the best solution toward getting 
rid of whatever film has formed between the contacts. 

In general, it seems that no one knows exactly what 
causes the phenomenon and how to protect against it com- 
pletely. Certainly, no one as yet has published test data 
to prove it. There is limited data available on the per- 
formance of different manufacturer’s relays in dry cir- 
cuit testing. Unfortunately, these tests show that the 
quality of relays changes from manufacturer to manu- 
facturer and from relay to relay in the same batch. 

Authorities also disagree as to just where in the power 
spectrum the dry circuit problem becomes annoying. 
While it is obvious that a l-amp, 110-volt circuit will 
present no dry circuit problem and a 1-microampere, 
|-millivolt circuit will, it is not obvious at what power, 
voltage, or current the transition takes place. In micro- 
ampere-millivolt regions, failures have been observed that 
for all practical purposes were open circuits. Further- 
more, these failures were random in time for the first 
50,000 operations. 

One rather baffling failure was observed in a relay 
contact switching 1 volt at approximately 1 milliamp. 
When the relay was initially energized, the contact re- 
sistance was on the order of 10,000 ohms. Two seconds 
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(Lower half) Tube 12AU7 labeled “Osc” 
operates as an oscillator at approximately 
400 eps while the 12AU7 labeled “Multi” 
operates as a multivibrator at approxi- 
mately 1 cps. The latter’s output turns 
another half 12AU7 off and on at 1-cycle 
rate, thereby energizing and deenergiz- 
ing the pilot relay at 1 cps. This relay 
in turn causes the coil and hence the 
contacts of the relay under test to be 
cycled at 1 eps. This cycling circuit is 
not duplicated as more relay test stations 
are added. 

(Upper half) In the detecting portion of 
the test set, the contacts under test are 
placed across the input circuit of a 12AX7 
amplifier tube. If the relay contacts 
should happen to open (a “miss”), ap- 
proximately 25 a-c millivolts are de- 
veloped across the 680-ohm grid resistor. 
In that case, the first tube amplifies the 
25 millivolts and passes it along to 
another amplifier stage (half of a 12AT7). 
The 400-cycle component in the voltage 
appearing at the 12AT7 plate is selected 
by a tuned-circuit filter, and amplified 
in the second half of the 12AT7 tube. The 
filtering action removes the effects of 
noise, stray pickup, etc. 

The output of the second half of the 
12AT7 is detected in half a 6AL5 diode, 
biased against a positive d-c reference 
voltage which is determined by potenti- 
ometer “A”. The average negative voltage 


obtained by the amplified “miss” signal 
is smoothed in an RC network and used 
to cut off the second half 12AX7 tube. 
This action deenergizes the pilot relay 
in the plate ‘circuit above and momen- 
tarily energizes the failure counter to 
register a miss. 

If the relay under test provides an 
effective short circuit across the amplifier 
input (contacts closed when coil is en- 
ergized) no detected voltage appears at 
the last 12AX7 grid, other than the posi- 
tive reference provided at the 6AL5 
cathode, and the counter pilot relay 
remains energized and no miss count 
takes place. The sensitivity is adjustable 
by potentiometer “A”, so that a miss is 
recorded when the contact resistance ex- 
ceeds the appropriate setting. As normally 
adjusted, the circuit will record misses 
of 300 ohms. The RC network is cali- 
brated in reference to the contact trans- 
fer time so that cycling of the relay 
under test does not actuate the failure 
counter except in the event of a miss. 

The amplifier channel can be dupli- 
cated to provide as many testing channels 
as are desired for simultaneous testing of 
relays or sets of relay contacts. Test sets 
in service at present test up to 24 relays 
at one time. 


Cireuit description supplied by William B. Lurie, 
Section Head, General Precision Laboratory, Inc., 
Pleasantville, New York. 


military equipment, the best 
compromise seems to be to 
select a manufacturer whose 
relays (at least some batch- 
es) tend to perform fairly 
well at the current and volt- 
age ratings the circuit calls 
for. Secondly, he should test 
each relay on a 100 per cent 
basis before installation in 
equipment. From 50,000 to 
100,000 operations are usual- 
ly enough to predict the 
ultimate relay performance. 
A number of relay manufac- 
turers and independent engi- 
neering firms have developed 
equipment for testing relays 
on a quantity basis. 

The first commercially 
available relay test set speci- 
fically designed for dry cir- 
cuit evaluation of relays was 
the Fleetwood Laboratories 
Model R1*. This unit passed 
100 microamp through the 
contacts under test at 1 volt, 
d-c. Fleetwood has subse- 
quently developed an a-c unit 
which utilizes a 400-cps, 25- 
millivolt source which passes 
25 microamp through the 
contacts and is easily capable 
of detecting misses of less 
than 300 ohms. Circuit is 
illustrated. This unit energ- 
izes the relay coil at 1 cps, 
a cycling rate chosen as a 
compromise. If the rate were 


later with the contact in the same position, the resistance 
decreased to less than 100 ohms. Two very surprised 
circuit men watched a signal increase with time when 
all the calculations said it was to remain constant. To 
meet this problem, one manufacturer supplied two sample 
relays having two different contact materials (palladium 
and silver). Both of these relays performed so well on 
test that a dozen more were ordered to be exactly like 
one of the samples. Ensuing tests on the dozen proved 
the entire lot to be unsuitable for dry circuit application. 

It is important for the circuit designer to be aware 
of the consequences of a relay failure under such condi- 
tions. In the case of an airborne system which is designed 
to change operating state by means of a command from 
the ground or as a result of conditions encountered in 
flight, serious malfunctions may occur if part of the 
system changes state while the other part is inoperative 
due to a relay failure. A complete missile could be 
rendered useless by a failure of this type. An even more 
serious failure is possible when a test missile utilizes a 
relay-switched circuit to detonate on command. The im- 
portance of the reliability of the circuitry cannot be 
overemphasized when one considers that an experimental 
long range missile may easily develop a fault in the 
guidance mechanism and change course toward a popu- 
lated area. 


For the circuit designer calling for relays in today’s 
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too slow, several days would be required to amass suf- 
ficient data for a thorough test, while a rate that was too 
fast produced a substantial increase in the number of 
misses for a given relay. One relay in particular, for 
example, exhibited less than 20 misses during the first 
24 hr of operation at 1 cps and well over 1000 during 
the next 24 hr at 2144 cps. When the cycling rate was 
dropped back to 1 eps, the relay again exhibited 20 
misses per day. The Fleetwood unit checks each relay 
individually with its contacts in series, although the unit 
is adaptable enough so that individual contacts may be 
monitored. 

Several electronic equipment manufacturers are using 
these test sets to test incoming relays on a 100 per cent 
basis and at General Precision Laboratory in Pleasant- 
ville, N. Y., for over two years relays have been selected 
for production by such a dry-circuit tester. Hundreds of 
units have been manufactured using tested relays without 
a single known case of a dry circuit failure. o0o°o 
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Pre-Assembled Belleville Spring Stacks 


A NEW COMPACT ENERGY “CARTRIDGE” 
—pre-assembled stacks of multiple Bel- 
leville spring washers, Fig. 1, held to- 
gether by pins or rivets passing through 
the washers at or near their neutral axis 
—offers many possibilities to product 
designers. The cartridge, a patented de- 
sign by Associated Spring Corporation, 
Bristol, Conn., provides a compact unit 
which can be incorporated as a one- 
piece component in the final machine, 
and as such is easier to handle and in- 
stall than loose washers. Assembling of 
the stacks of washers can be done eco- 
nomically in jigs or by automatic ma- 
chinery. 

The cartridge can be preloaded so 
that only a very slight additional com- 
pression force is necessary to assemble 
the unit in the machine. Larger stacks 
of washers can be employed when they 
are pre-assembled in this manner than 
was feasible when they were utilized as 
separate elements. The three-point (or 
more) loading of the cartridges pre- 
vents buckling of the stacks, a common 
disadvantage that arose with the pre- 
vious methods of assembly. Further- 
more, pre-assembly of the washers in 
permanent form precludes the hazard 


Fig. 1—Pre-assembled stacks of multiple 
Belleville washers, held together by pins 
or rivets passing through the washers at 
or near their neutral axis. 
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of reassembling them in the wrong se- 
quence in the field. 

Belleville dished washers are used 
for two fundamental purposes: 

1. To get high loads with relatively 
small deflections. 

2. To get a special load-deflection 
curve. 

Since the deflection or load obtained 
from a single dished washer is rela- 
tively small, it is a common practice to 
stack several washers together. Stack- 
ing them in series—that is, with each 
adjacent spring inverted with respect to 
its neighbor, Fig. 2 (A) increases the 
deflection in direct proportion to the 
number of washers in series. Stacking 
them with all the springs parallel (B) 
in all conditions of stress increases the 
load in direct proportion to the number 
of washers. 

Assuming as an example that each 
individual washer in a stack gives 35 lb 
of load with 0.025 in. deflection, then: 

Five washers in series would give 
35 lb of load with 0.125 in. deflec- 
tion. 

Six washers in parallel would give 
210 lb of load with 0.025 in. de- 
flection. 

Six washers paired in parallel and 
in a series of three would give 70 
lb of load with 0.075 in. deflection. 
(Fig. 2, C.) 

In certain other applications, it may 
be necessary to assemble the multiple 


washers with adjacent springs sepa- 
rated by spacers, to permit them to be 
deflected beyond the horizontal. 

Heretofore, multiple arrays of Belle- 
ville washers have usually been assem- 
bled either by passing a rod through 
their central openings, by housing them 
within a confined recess, or by means 
of an annular clamp which connects the 
abutting inner or outer peripheries of 
adjacent springs. These methods of as- 
sembly were so unsatisfactory that 
multiple arrays of Belleville washers 
have not been as widely used as the 
potential advantages of such springs 
would justify. 

In the pre-assembled cartridges now 
offered by Associated Spring Corpora- 
tion, the stacks are assembled by means 
of pins or rivets passing through each 
of the washers at or near their neutral 
axis, providing a compact, concentrated 
energy package that is much easier to 
handle and install, Fig. 3. This neutral 
axis is the locus of points about which 
each radial section of the individual 
washer rotates as the spring deflects 
under load. As such, it forms an an- 
nular section approximately midway be- 
tween the inner and outer peripheries 
of the spring. 

The heads of the pins or rivets—gen- 
erally three—engage the outer faces of 
two end plates at the top and bottom of 
the stack of springs. There are several 
options possible for these end plates, or 


Cc 


Fig. 2—Three possible methods of stacking Belleville washers in multiple arrays. 
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flat bearing plates. They can be made 
as a hollow shell, with a recess to allow 
for outward travel of the ends of the 
pins, or a recessed cover plate can be 
added for this same purpose, Fig. 3. 
One or both of the end plates can be 
made with projections to accept the 
load, or used as brackets to mount the 
assembly. Two or more stacks can also 
be joined together by linking the pins 
of one stack into the face plate of the 
adjoining stack, producing a single 
“twin” unit which has flush outer bear- 
ing faces, Fig. 3, right. 

The stacks are assembled with the 
desired amount of initial stress, which 
may be either small or relatively large. 

By careful selection of height and 

thickness ratios, Associated Spring en- 
gineers point out, it is possible to obtain 
Belleville washers with a virtually flat, 
i.e., practically constant, load-deflection 
curve. By suitable multiplication of this 
characteristic, in multiple assemblies 
like those just described, a spring com- 
ponent with sufficient deflection can be 
obtained. 
Possible Applications. A few of the 
many possible applications for these 
“cartridges” pointed out by the com- 
pany are: 

1. To absorb shock, as in vibration- 
isolation mounts for such products 
as airborne electronic equipment, 
in aircraft, missiles, and ordnance 
projectiles; in machinery such as 
impact presses and powder metal 
compacting presses. 

.To exert large amounts of force 
within a limited range of deflection. 
. To exert force at a low rate, i.e., a 
very small increase in load in pro- 
portion to the increase in deflec- 
tion, such as in clutches for ma- 
chine tool spindle drives. (Fig. 4) 

.To maintain reasonably constant 
pressure in spite of expansion due 
to temperature variations, such as 
in face-type seals for refrigerator 
compressors. 

The cartridge can be used, in general, 
wherever a high load is required to be 
exerted within a small head space. They 
fill the need for a spring with constant 
load deflection characteristics acting in 
compression. They will be particularly 
applicable in locations where the size 


Fig. 3—(Left) Sectional view of a cartridge of multiple Belleville washers arranged 
in series, with one recessed end plate to allow for the outward travel of the ends of 
the pins. (Right) “Twin” cartridge of two series arrays of multiple Belleville washers 
joined by means of a common center plate through which all six pins pass. 


Fig. 4 


such as in a machine tool drive. 


of the cavity may vary due to the ac- 
cumulated build-up of tolerances in the 
manufacture of the associated compo- 
nents but where the pressure to be ex- 
erted must remain constant. Also in 


Typical installation of a cartridge of multiple Belleville washers in a clutch, 


locations where the operating tempera- 
tures in service may vary and with it 
the length of mechanical parts, but 
where a reasonably constant pressure 


must be maintained. .OO 


Matching a Universal Motor to its Load 


JOHN J. 
RAE Motor Corporation 
Racine. Wis. 


MEADOWS, Chief Engineer 


IT IS ALMOST A TRUISM that good per- 
formance of electric-motor-driven equip- 
ment cannot be obtained unless the 
drive motor is properly matched to the 
load requirements. Sometimes this 
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matching is relatively straightforward, 
as is the case for d-c shunt motor and 
a-c induction motor applications having 
simple duty cycles. These types of mo- 
tors have substantially flat speed-torque 
curves so that the regulation, or the dif- 
ference in speed between no load and 
full load, seldom exceeds 10 per cent. 
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Under such conditions, the only match- 
ing necessary is to select a motor hav- 
ing a rating that exceeds the torque re- 
quirements. 

Unhappily, the universal motor does 
not have the flat characteristics shared 
by the aforementioned types. The per- 
formance curve is extremely steep so 
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that even a slight change in load will re- 
sult in a large change in speed. It is ap- 
parent then that the application engi- 
neer must match very closely the torque 
requirements of the load to motor char- 
acteristics if he is to get the operating 
speed he desires. 

The universal motor is essentially a 
d-c series motor modified to operate on 
a-c circuits. The primary difference lies 
in laminating the magnetic field circuit 
to prevent eddy-current losses. Like a 
series motor the universal motor has a 
high idling speed and starting torque 
and a load speed that varies inversely 
with the load. Although it is customary 
to rate a universal motor at either 5000 
or 10,000 rpm, depending upon its de- 
sign and application, the rated speed is 
not necessarily that recommended for 
best operating performances. For ex- 
ample, a motor rated at 5000 rpm may 
reach peak efficiency between 6000 and 
8000 rpm and, therefore, should nor- 
mally operate in that range. 

The load capacity of any motor is 
determined by its heating, which in 
turn is related to the running losses. For 
this reason, it is advisable to operate a 
motor at those speeds wherein the least 








Rpm (X 1000) 











Original motor + 





48 64 80 96 
Torque , in.-0z 


Speed-torque characteristics of two differ- 
ent 1/10-hp universal motors. Although 
horsepower ratings of both motors are 
the same, one cannot be considered a 
direct substitute for the other. 


heat losses will occur. This speed estab- 
lishes the horsepower rating. Since run- 
ning speed is obviously so important 
and since for any given motor this 
speed is determined by load character- 
istics, it is necessary for the application 
engineer to establish a relationship be- 
tween the drive requirements and the 
rating of the motor to be used. 

The first step toward satisfactory ap 
plication of universal motors is an 
accurate determination of the speed- 
torque parameters of the load. Approxi- 
mations and guesswork should be 
abandoned in favor of direct measure- 
ment. One method is to use any avail- 
able motor to drive the load and to 
measure the load characteristics by 
means of instruments. Another ap- 
proach is to use a V-belt pulley and 
string to determine the speed-torque 
characteristics by means of a spring 
scale and a stopwatch. 

In the latter method, the string is 
wrapped several times around the pul- 
ley and its free end attached to the 
scale. The scale is then pulled along a 
path tangent to the pulley at a uniform 
rate of speed and the length of move- 
ment recorded for a set time interval 
such as 1 sec. These determinations are 
converted into torque and horsepower 
requirements by the following formulas 


Hot Spray Saves 
Time and Materials 


SEVERAL ADVANTAGES of hot spraying of enamel, Ham- 
mertone and Wrinkle finishes on industrial electrical 
equipment are reported at Coates Electric Mfg. Co.. 
Seattle. Sags and runs have been eliminated; a 
smoother and cleaner finish is obtained with less 
orange peel; there is better build and holdout; and a 
better gloss and a denser, less porous film is obtained, 
giving improved coverage. The high solids film is 
achieved when the solvents needed to transfer the paint 
are evaporated by the heat between the gun and the 
surface. 

Controlled heat reduces viscosity of primer, filler, 
and finish materials below any level possible with 
solvents alone. Coates Electric reports 25 per cent sav- 
ings on material through reduced overspray. Both 
application and drying are faster, and those units which 
are baked require less baking time. The special hot 
spray equipment is supplied by The Spee-Flo Company 
of Houston, Texas. O00 


Photograph at left shows industrial finishing operation 
using hot spray technique. 
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Torque = PR (in ft-lb) 
HP - PR N 
33,000 


reading on dynamometer 
scale, lb 


where: P 


R = radius of pulley, ft 


Distance travelled in 
l sec * 60 
3.14 *& diam of pulley 


As an example of the troubles that 
can be brought about by failure to 
match speed-torque characteristics prop- 
erly, consider this case wherein a prod- 
uct designer attempted to substitute one 
motor for another motor of nominally 
the same rating. The new specification 
called for a motor of 1/10 hp, 5000 rpm, 
which is a normal rating for a Rae M-6 
motor. But after the motors were de- 
livered, the designer complained that 
the motors were too fast. 

The performance data on these par- 
ticular motors are as follows: 

Idle speed 13000 rpm 
Idle current 0.58 amp 
Stall torque 49 in.-oz 
Stall current 2.55 amp 
Torque (at 5000 rpm) 22 __ in.-oz 
Load current 16 amp 


By applying the horsepower formula, 
it is found that these motors develop 
slightly more than 1/10 hp, as specified. 
However, it was later learned that the 
Rae units were to replace motors of 


Stainless Steel In 


Type 446 Armco stainless steel wire is 
being successfully used as a conductor 
in hermetic sealed terminals made by 
the Fusite Corporation, Cincinnati, for 
refrigerator compressor applications. 
Although the electrical conductivity of 
stainless is relatively low, a pin 345 in. 
in diam. will handle starting currents on 
a l-hp motor. The stamping is cold 
rolled steel and is attached to the com- 
pressor housing by resistance welding. 
Used with a special glass formulation. 
a true fusion bond is obtained that will 
retain freon and oil through a wide 
range of pressures and temperatures. 
Fusite is also supplying its new Tor- 
ture-Proof (TP) hermetic terminals, 
Fig. 2, with hollow stainless steel pins 
for electronic applications. Here again 
type 446 stainless tubing, supplied by 
Superior Tube Company, Norristown, 
Pa., provides a perfect seal because 
its coefficient of expansion is practically 
the same as that of the glass sealant 
in the terminals. The latter—designated 
by Fusite as its V-24 glass—has a high 
insulation resistance together with high 
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manufacturer. The 
original motors tested as follows: 


some competitive 


Idle speed 8430 rpm 
0.86 amp 


Stall torque 6 


Idle current 
in.-lb 
Stall current 2.8 amp 
Torque (at 5000 rpm) 20 _ in.-oz 
Load current 1.47 amp 


The variation in performance can be 
explained by the difference in armature 
diameters. The overall diameter of the 
Rae motor is 3-3/16 in. whereas that of 
the competitive motor was over 5 in. 
Armature diameters were proportional. 

This difference in diameter is impor- 
tant since it affects output torques. With 
an increase in diameter, a weaker field 
can be used. This results in a lower 
idling speed. With equal load speeds 
the regulation of both motors becomes 
vastly different. The Rae motor had a 
regulation of 8000 rpm between no load 
and rated load, whereas the competitive 
motor had a regulation of only 3400 
rpm. It should be obvious from this that 
any deviation in torque requirements 
will result in different load speeds when 
comparing performances of the two 
motors. 

From this it must be concluded that 
it is poor policy to use horsepower rat- 
ings in specifying series or universal 
motor requirements. In the above case, 
the 1/10 hp, 5000 rpm specified was 
merely the motor rating taken from the 
nameplate. If the actual operating speed 


Hermetic Seals 


thermal and mechanical shock resist- 
ance and high flashover. 

The tubing is supplied by Superior in 
the No. 1 (soft annealed) temper to 
facilitate chamfering the ends of the 
pins for terminals in mating sockets. 
Tolerances are held to + 0.001 in. on 
the O. D. and to + 0.000, — 0.003 in. 
on the I. D. 


Fig. 1—Stainless steel solid pin hermetic 
seal for refrigerator compressor-motor 
(Armco Steel Corp.) 
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was known, a satisfactory substitute 
motor could have been furnished. 

The curves of the accompanying 
chart provide a comparison of the 
speed-torque relationships of the origi- 
nal motor and the improperly substi- 
tuted Rae motor. Note the flatter char- 
acteristics of the original motor due to 
its larger armature diameter. Relative 
points of interest are connected by ver- 
tical dashed lines. The intersection of 
these lines with the curve of the original 
motor are designated A, B, etc. Corre- 
sponding points on the Rae motor curve 
are indicated by A’, B’, etc. 

Although both motors are catalog- 
rated as 1/10 hp, it is of interest to note 
that the idle speeds at points A and A’ 
are quite divergent. The same is true at 
points B, C and E. The two curves cross 
at point D which is actually 0.107 hp. 
At the rated speed, the original motor 
logs 1/10 hp whereas the Rae motor 
is nearly 1/9 hp. 

If the required load speed is some- 
where along the original motor curve, it 
is obvious that the Rae motor will not 
match it except at point D. If the load 
is less than 23 in.-oz the Rae motor will 
be too fast. If it is more than 23 in.-oz, 
the Rae motor will be too slow. On the 
other hand, if the exact torque and 
speed requirement were known the Rae 
motor windings could be changed to 
shift its curve to the left or right so as 
to move the point of intersection along 
the original motor curve to the desired 
performance requirement. Oo0°0 


The possibility of using high-conduc- 
tivity lead wire through hollow-tube 
pins is especially important in miniatur- 
ization. Ferrous-metal terminals have 


“ 


Fig. 2—Hollow pin hermetic terminals. 
(Superior Tube Co.) 
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much lower conductivity than copper 
lead wires, so if appreciable current is 
carried, the diameter of solid ferrous- 
metal pins must be increased accord- 
ingly. This often affects the minimum 
over-all dimension of the header. An- 


other advantage of tubular pins is that 
the extension of the tube on the inside 
of the mounting plate can be held to a 
minimum, because the lead wire is fed 
directly through the tube without 
requiring extra tubing length for an 
interior joint. This also is particularly 
helpful where size must be held to a 
minimum. Thermocouples and thermo- 


couple-lead-wires may be fed through 
without interruption and without the 
introduction of dissimilar material 
joints. Solder lugs may be provided on 
the external part of the tube as an aid 
in puddling the solder, in capping off 
the tube, and in providing for multiple 
connections at a reasonably safe dis- 
tance from the cap-off point. O0O0O 


105-Mm Photo Reproduction of Engineering Drawings 


A NEW VERSATILE COPYING SYSTEM is 
the 105-mm Micro-Master film system, 
the first ever designed exclusively for 
the reproduction of large engineering 
drawings up to 36 by 54 in. in size and 
even longer. Developed by Micro- 
Master, Inc., Kansas City, Mo., in as- 
sociation with Keuffel & Esser Co., 
Hoboken, N. J.. it embodies a series of 
advantages that is claimed to make it 
superior to any existing reproduction 
process, including 70-mm film. 

It yields full-sized second originals 
on Photact papers and cloth or on 
Stabilene film of such high quality that 
original pencil or ink tracings may be 
safely destroyed. Reproductions from 
Micro-Master negatives are sharp and 
free or distortion. This has not been 
possible previously with 35-mm systems. 
suitable only for reference where en- 
largements over ten diameters are in- 
volved. 

Second originals made from 105-mm 
film have been consistently better in 
quality than the true originals. In addi- 
tion, the process can restore most worn 
or soiled tracings, yielding a 75 per cent 
improvement on the average—without 
artwork—as a result of the advanced 
optics and precise processing used in 
Micro-Master. 

The larger 105-mm negative (nomi- 
nally 4 x 6 in.) is big enough to be 
identified and read with the naked eye, 
except in the case of highly complex 
drawings. The low magnification of a 
hand glass is always sufficient to estab- 
lish identification. And economical 4 x 
6-in. contact card prints are available 
for separate filing and indexing and in 
instances where a positive is preferred 
to a negative. 

The size of Micro-Master negatives 
was designed to fit standard 5 x 8-in. 
steel filing drawers. As a result. filmed 
drawings can be stored in approximately 
sth of the space that the tracings 
themselves would need. 

Micro-Master allows for the direct 
preparation of offset plates for quantity 
duplication with substantial savings both 
in time and money. 

Users of 105-mm negatives have a 
fast, low-cost method of changing scale 
accurately and of making half-size and 
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quarter-size reproductions for field and 
shop use. In the past, 14 in. errors in 
size have been frequent in conventional 


reproductions up to 24 x 36 in. in size. 
The 105-mm system permits composits 
to be made and the ganging of as many 


The high quality negatives of Micro-Master depend on precisely balanced lighting 
and on exact exposures controlled from the panel which the operator is working. 
The panel also permits the camera to be raised and lowered electrically, and 
measurement of the lens from the vacuum-frame easel can be held to a tolerance 


of Igo in. 


ae 


% 


Viewers, including one that fits conveniently on a drafting table, are part of the 
Micro-Master system. This one is enlarging a positive card print. 
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NO TYING! NO DIPPING! 
new 
Varband 
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Resists OIL, GREASE, VIBRATION, ACID, VAPOR, HEAT and PRESSURE 


Nothing cracks the bond between new Varband Bonding Tape and 


the wires it holds or encases. That’s because Varband Tape is com- 
MANY OUTSTANDING PROPERTIES 


Varband Bonding Tape offers you 
properties far in excess of most other 
® High Tensile Strength 

® High Mechanical Strength 

® High Impact Strength 

® High Dielectric Strength 

®@ No Interference with Magnetic Field 
®@ No Arc-Over Danger 

® High Thermal Stability 


Varband Bonding Tape is pre-treated, 
dipping operation. 


posed of hundreds of parallel strands of Fiberglas which are twisted 
and impregnated with a special polyester resin. You simply wind 
Varband Bonding Tape around wires as you would ordinary tape. 
Soldering iron heat-seals ends without tying. Then cure (recom- 
mended curing is 3hours at 125°C or less time at higher temperature) 
... and Varband becomes a homogeneous machinable mass that is 
impregnated not just on the surface . . . but all the way through. 


THOUSANDS OF INDUSTRIAL APPLICATIONS Armature banding, core wind- 
ing, coil supports and stator windings are but a few of the thousands 
of industrial applications where it pays to use Varband Bonding 
Tape. Particularly ideal for anchoring wires in vibrating power 
tools or any wire assemblies that rotate at high speeds. 


EXAMINE A SAMPLE TODAY! Available in 6 standard widths, .015” to 
030” thick—Varband can also be designed to meet your specific 
requirements. Send for a sample today. 


VARFLEX CORPORATION, 504 W. COURT STREET, ROME, N.Y. © 


Please send me complete information on Varband Bonding Tape. 


Name 
Company 
Street 
City 
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as eight letter-sized originals on a single 
negative. In many instances, thus, one 
negative is sufficient to contain an entire 
engineering report, including illustra- 
tions. 

In planning Micro-Master, it was 
determined that roll film would be easier 
to use in the camera for loading and 
development. But since sheeted film 
would be easier to file and reproduce 
than long rolls of film, each negative 
is cut apart after developing and is 
delivered in a transparent sleeve and 
paper envelope that both meet the 100- 
plus years of permanency associated 
with archival quality. 

In the design of equipment, all estab- 
lished concepts were discarded in favor 
of optical systems that were once con- 
sidered to be sound in theory but im- 
practical for commercial applications. 
The projector made by Photostat Corp., 
Rochester, N. Y., uses special con- 
densers and lenses with high resolving 
power and clarity. 

Although the system is based on 
black and white film, the controls in 
developing and printing are at least 
as precise as those for color photogra- 
phy. Special chemical formulae have 
been prepared for developing and fixing 
negatives and prints. Even the pH of 
the film stop bath is accurately de- 
termined. As a result the negatives come 
through without pinholes and need no 


Micro-Master projectors for use in the drafting room. Here a draftsman is adapting 
an existing drawing by tracing from the old original. 


retouching except in instances where 
portions of the drawing need to be re- 
moved through opaquing. 

The line of equipment available to 
users of the system includes screen 
projectors, table-top viewers with an 
8 x 12-in. surface, and large-sized view- 
ing tables for drafting room use. 

Reproductions from 105-mm negatives 
can be made on a wide variety of trans- 
parent and opaque bases developed by 


Keuffel & Esser in its Photact line. 
Some of these bases are waterproof and 
others have a maximum dimensional 
stability superior to aluminum and steel 
at temperatures up to 250 F. 

To provide this new reproduction 
service, equipment is now being in- 
stalled in key industrial centers through- 
out the United States and Canada. 
Within a few months, Micro-Master will 
be available in 40 major cities. O O O 


Another Machine Tool Goes to Welded Steel 


A. F. BOUCHER, District Engineer 


THe LIncoin 
Cleveland. 


ELectric COMPANY, 


LIGHTER WEIGHT, LOWER CosT and bet- 
ter appearance have been achieved in 
the redesign of bases of a line of car- 
bide tool grinders by engineers of Ex- 
Cell-O Corporation, Detroit. These gains 
were made by using welded steel to 
greatest advantage in the redesign 
rather than slavishly copying the origi- 
nal gray iron castings when effecting 
the changeover. 

Originally the grinder, Fig. 1, had 
the rectangular column base cast in- 
tegral with the coolant pan and spindle 
supports. Base had a grid of cross sup- 
ports under the motor mount. Such 
castings had sections 1% in. thick and 
weighed 896 lb. 

Although the cast base met service 
requirements well, its cost was high. To 
lower costs, it was decided to use a 
welded base shown in the assembled 
machine, Fig. 2, and separately from 
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the bottom in Fig. 3. From these views, 
it is evident that the weldment has a 
clean, smooth appearance, although the 
shape and overall dimensions are nearly 
the same. 

Wall thickness of the weldment is 


Fig. 1—Ex-Cell-O carbide tool grinder as 
it appeared with cast iron base. 


only 14 in., and the weight of the weld- 
ment, 446 lb. Cost is considerably re- 
duced, not only because of the reduced 
weight but also because the cleaner and 
smoother surface of the weldment re- 
duces the time for preparation for 


Fig. 2—Neat appearance obtained by use 
of welded steel construction for base and 
pan of carbide tool grinder. 
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fe GUARDIAN 


Designed and Tested for 230 V., A.C. Loads up 


GET THEM NOW. . . Prototype 


units and initial production requirements from 
Guardian Franchised Distributors in U.S. and Canada. 


FRANCHISED DISTRIBUTOR pi 


# 
CTT eee 
= OE 


Mounting: 


H 2 holes for * screws 
| on 17% centers. 


GUARDIAN 
25 amPERE 


Interchangeable Coil 


POWER RELAY 


Built to Meet U/L Specifications 


Control more power in less space with this new Guardian 25 
AMPERE A.C. Power Relay for motor starting, heater loads 
and other heavy duty applications. Standard unit has double 


pole, double throw contacts rated at 25 amperes continuous 
* duty, 230 volts A.C., with 75% power factor. Operating 

power requirement is 9.5 VA.; coil drain approximately .080 

amperes at 115 volts, 60 cycles. Two easily accessible screws 


permit removal and replacement of completely interchange- 
able coil assemblies rated at 6 V.-24 V.-115 V.-or 230 V., 


to 3 H.P. Motors and 8400 Watt Heater Loads 4-©. Relay measures 3%” x 2/9" x 2%", weighs 11 oz. 


A Guardian original —this new POWERLOID offers 
definite advantages which are far ahead of anything 


being offered for the electromagnetic control of motors 
and heater units. Available in a variety of contact com- 


binations. Rugged, totally enclosed . . . low priced! 
*An electromagnetic switch actuated by a solenoid plunger. 


WTEC — Arrange for delivery of Production Samples 
Guardian's Power Relay and Powerloid. Send for Name 


Series 


M. E. R. 
Electrical 
Reset 


of Stepper 


of 


Nearest Franchised Distributor Who Carries IN STOCK a Com- a Bulletie—P-84 
plete Line of Guardian Industrial Relays—Power Relays— pane EE Sees 


Powerloids—Reloids—Solenoids—Steppers—Switch Kits. 


GUARDIAN 


1627-A W. WALNUT STREET 


ELECTRIC 


CHICAGO 12, ILLINOIS 


**Everything Under Control’’ 
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painting and for the painting itself. 
Shipping charges are also proportion- 
ately reduced. 

Slight changes in styling were made. 
Parallel recesses running around the 
coolant pan remain about as before, but 
they are formed in a press die and 
hence are cleaner in the weldment. 
They are not used, however, on the col- 
amn. This is felt to be an improvement 
in appearance. 

In the casting, there is a flange 
around four sides of the base column 
at the bottom. In the weldment, only 
two offset covering feet, drilled for hold- 
down bolts, are used. This is also felt 
to improve the appearance of the ma- 
chine. ooo 


Fig. 3—Weldment base as it appears from the bottom. 
Solid blocks for hold-down bolts are welded, as shown. 
An interior shelf for motor mounting is also included. 
Weld beads show little and vertical joints are nearly 


invisible. 


Induction Heating Used in Ring Type Furnace 


FOR THE FIRST TIME in a heat treating 
furnace, the induction heating principle 
is being used. The experience obtained 
with induction heating in the design 
of its melting furnaces inspired the 
development of the Induct-O-Ring by 
Lindberg Engineering Company, Chi- 
cago. The use of induction heating has 
resulted in the elimination of any heat- 
ing elements, element terminals, burn- 
ers, and gas or electric connections in 
the furnace proper. 

Another new design feature is the 
circular shape of the furnace which 


SY 


o 
AW 


eliminates heat and atmosphere losses 
occasioned when conventional furnace 
doors are opened to charge and remove 
the work load. Material saving in floor 
space is also accomplished by this cir- 
cular shape. 

All the heat is produced in the work 
chamber and work load. held in by a 
heat-resistant alloy liner deeply em 
bedded in thermal insulation. As indi- 
cated in the cross-sectional view. the 
furnace tube. which is made of a 
chrome-nickel heating alloy. is in eflect 
a single-turn secondary of a low-volt- 


. Chamber 

. Insulation 

. Transformer 

. Discharge chute 
. Cooling coils 

. Quench conveyor 


. Oil circulator 


Cross-sectional view of ring-shaped heating-treating furnace 
employing induction heating principle. Photo of complete unit 


is at right. 
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age transformer. This affords a more 
accurate and precise temperature con- 
trol as there is practically no tempera- 
ture override or lag when control 
point is reached. A primary advantage 
of this furnace is said to be its overall 
high heating efficiency and high heat- 
ing rate. hardening temperatures being 
reached in 17 min from cold. 

The circular furnace has a recipro- 
cating motion. It turns slowly in the 
direction of work travel then quickly 
reverses. With each action the work 
remains in the forward position and 
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When you need 
Reliable Control 


of Movement 


Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 
Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 

YOu need Time delay characteristics are fixed and non- 


adjustable. 


Adlake Relays are quiet, chatterless and require no 


maintenance whatever. 
_- - If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1168 N. Michigan, Elkhart, Indiana. 


relays VLG The Adams & Westlake Company 


Pa Ne NEW YORK ELKHART, INDIANA ~— cuicaco 


* ANNIVERSARY original and largest manufacturers of plunger-type relays 
4 


057-1057 
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thus progresses through the chamber. 
This reciprocating action is obtained 
by means of an air cylinder under con- 
trol of a solenoid valve and motor- 
type timer. The furnace moves on 
sealed ball bearings and each move- 
ment ends gently against an air 
cushion. This motion also is utilized to 
feed work pieces into the furnace 
through a chute from a hopper. 

By using a double turn on the retort 
it is possible to have 30 ft of furnace 
length in a 5-ft diam ring. Practically 
any chamber length within reason can 
be obtained by increasing the number 
of turns. 000 


Motor Vibrator 
Pats Tired Feet 


ROBERT B. FAY, Engineer 
Hanpy-HANNAH Propucts Corp., 
Whitman, Massachusetts 


How TO SOOTHE THOSE TIRED, aching 
feet after an all-day pounding of the 
pavement? Something more undulating 
than that produced by the simple har- 
monic motion of an eccentric weight 
seemed to be in order. The answer was 
a patting motion in the Handy-HannaH 
foot massager. 

As indicated in the sketch, the motor 
under each foot pad is a vibrating 
clapper type, similar to those used on 
door bells and vibrating sanders. But 
instead of obtaining a sine-wave vibra- 


(Continued on page 126) 


Stud 


Motor coil 
ond core 


Handy-HannaH dual foot massager stimu- 
lates blood circulation in the feet, relieves 
tired muscles, according to maker. 
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This corrugated bulk container of six separate packages holds 
1200 Ib of two different types of control components for domes- 


tic clothes dryers. 


“Package Deal’ 
for Components Shipment 


Shipping of components so as to 


mesh into the customers assembly pro- 
cedures can lead to important cost sav- 
ings. Such a system is being used by 
White Rogers Electric Company, St. 
Louis, to ship gas-electric controls to a 
manufacturer of home laundry dryers. 
Six separate corrugated containers are 
strapped as one unit to an expendable 
wooden pallet. Four of the containers 
hold automatic pilot lights and two hold 
twice the number of solenoid gas valves. 
The two big boxes go on the bottom of 
the package, covered by a cap, on top of 
which the four smaller boxes containing 
pilots are placed and then covered by 


a second cap (See photos). When the 
bulk container reaches the customer, the 
smaller boxes are put on a conveyor line 
and the larger boxes are placed along- 
side the assembly line where the valves 
are drawn upon as needed. The time 
saved by the use of bulk pack against 
use of individual cartons, then over- 
packed in palletized slotted cartons, is 
about 400 min per 1000 controls, or 
about 65 per cent. The package was de- 
signed by Gaylord Container Corpora- 
tion, Division of Crown Zellerbach 
Corporation incollaboration with 
White-Rogers engineers. 5: o6:-¢ 
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OF STEEL 


that hold where you can't reach 


If you can’t reach the back of a panel to hold 
a nut, let the spring steel fingers of a Tinnerman 
SpeeD Grip® Nut Retainer hold it for you. No 
welding or staking, no special skills or equipment 
required. It’s the most efficient way to attach a 
square nut to a panel in blind location. 


The SPEED Grip combines a square nut 
retained in a spring steel cage. The SPEED Grip 
snaps easily into the panel. Expensive rigid 
position methods are eliminated. Nut floats 
free in the cage to offset minor hole misalign- 


ments, but cannot turn as bolt is tightened. 

SPEED Grips can be put on anywhere along 
your assembly line . . . no side trips to special 
stations, no line deviations of any kind. Rust- 
proofed, they can be applied after painting, 
ending costly masking or retapping of paint- 
clogged threads. 

Consult your Tinnerman representative soon 
and write for Bulletin No. 335. Tinnerman 
Products, Inc., Box 6688, Department 12, 
Cleveland 1, Ohio. 


TINNERMAN 


FASTEST THING IN FASTENINGS ~ 


SPEED GRIPS eliminate several punched and 
tapped holes. cut assembly costs 78%, sim- 
plify installation of heater. 


SPEED GRIPS applied after painting simplify 
blind-location assembly of auto seat handle, 
avoid paint-clogging of threads. 


SPEED GRIPS cut costs 75% by replacing 
tapped holes and weld-type nuts as mount 
ing fasteners on car radio. 
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DESIGN TRENDS 


tory motion, a pull down and spring 
back in a shorter period is obtained by 
biasing the magnet coil with a metallic 


Floating Pulley Adjusts for Belt Twist 


IN THE DESIGN OF A small table saw 
provided with tilting action for miter 
work, the problem arises of adjusting 
the motor pulley to accommodate belt 
twist. Usually there is provision for 
tilting the motor. The Boice-Crane Com- 
pany, Toledo, has solved this problem 
in its new 10-in. table saw by using a 
floating pulley drive. By allowing the 
pulley to float axially on the motor 


rectifier. The net effect is a patting 
action rather than a vibration. 

In the dual unit illustrated, two mo- 
tors are used, wired in parallel with 
one rectifier. Unit operates on 115 volts, 
40-60 cycles and draws 30 watts. Appli- 
ance is controlled by a snap-action tog- 
gle switch. 


shaft, the belt automatically seeks its 
best operating position and lets full 
torque be transmitted without having to 
tilt the motor. 

The floating pulley is pressed on a 
wide hub with three longitudinal 
grooves on its inside diameter. Corres- 
ponding grooves are placed on a sleeve 
which is held to the motor shaft by set- 
screw. Engagement between the two is 


Magnetic Binary Divider Circuit 


USING THE BINARY STORAGE PRINCIPLE 
of magnetic cores, a binary divider cir- 
cuit has the advantage of avoiding the 
set-up adjustments and maintenance of 
ordinary multivibrator dividers. 

Called the Syncpulser, the assembly 
shown in the photograph has been de- 
signed by Laboratory For Electronics, 
Inc., Boston 14, primarily for use in 
synchronizers of TV broadcast equip- 
ment. In this application it gives a 525 
count synced to 60 cps, but units can be 
constructed for applications requiring 
other counts. 

The magnetic divider consists of 10 
identical binary stages whose inherent 
count of 21°, or 1024 is modified by 
feedback to give a count of 525. As 
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Case is molded of Tenite acetate plas- 
tic by Cowan Boyden Corp., Providence. 
Appearance styling was by Don Hart- 
well. The device is approved by the 
National Foot Health Council and is 
listed by Underwriters’ Laboratories. 

O00 


by nine steel balls spaced in cages which 
also act as linear ball bearings. Ends 
of hub are closed with felt seals. Hub 
and sleeve are hardened steel. 

Motors up to 14% hp are supplied. 
Saw arbor is mounted on ball bearings. 
Table measures 20 x 27 in. with exten- 
sions up to 36 in. Saw will cut stock 
up to 3 in. thick. Dado cutters up to 
‘16 in. wide also can be accommodated. 

oO: 
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SMALLEST— 
LIGHTEST 





By Filtors, 

smallest and lightest 
hermetically sealed latching 
sub-miniature relays, 
magnetically held— 

no power drain— 

and electrically reset. 
2PDT, 4PDT and 6PDT 


High shock and vibration 
resistance. 


All made to 
MIL-R-25018 (USAF) 
and MIL-R-5757C, 


Dry circuit relays available 
Write for catalog 


Leading manufacturers of 
hermetically sealed 
sub-miniature relays. 


FILTORS, INC. 


Port Washington, 
Long Island, New York 
POrt Washington 7-3850 








DESIGN TRENDS 


ne RS A AST RNA NN 


shown in the block diagram, this is done 
by resetting the Ist, 2nd, 5th, and 9th 
stages with the output of the 1024th 
pulse. The sum of all the stages in the 
feedback is 499. Thus, a count of 499 is 
preset into the counter before the first 
pulse arrives at the input. When the 
total count makes 1024 the reset action 
occurs again. The total of 1024 minus 
the preset 499 leaves the desired 525. 
The divider action is made possible 
by the square loop hysteresis character- 
istic of magnetic cores. A magnetizing 
force in the positive direction sets the 


core in a saturated or “1” condition. A 


Suppressing Corona in 


THE FLYBACK TRANSFORMER found in 
all TV receivers is potentially a “bad 
neighbor” because unless it is properly 
designed it will interfere with the op- 
eration of the set. The high-frequency, 
high-voltage currents carried by the 
secondary winding can set up corona 
around all sharp edges such as at the 
outer rim of the disk-shaped windings. 
This corona causes noise in the tele- 
vision picture and some dissipation of 
the electrical energy build-up in the 
high-voltage section of the transformer. 
The term “flyback” refers to the steep- 
slope portion of the sawtooth wave 
impressed on the deflection plates of 
the picture tube. It is the function 
of the flyback transformer to supply 
the high-voltage pulse for reset o1 
retrace motion of the electron beam. 

To suppress corona, engineers of 
the Admiral Corporation formerly 
specified a wax compound which form- 
ed a wax “tire” around the outer rim 
of the flyback disk. This effectively 
dampened the corona phenomenon 
around the edges of the transformer 
but was not particularly suited to 
withstand the high temperatures of the 
unit. The 


search for an improved 





RESET STATE SUM OF 


| 
2 
16 
32 
64 
128 
256 


FR=499 


negative force leaves it in a “0” condi- 
tion. Changes from one state to another 
generate a transfer current into the 


Flyback Transformers 


corona suppressor led to the presently 
used material, which is a_ hot-melt 
cellulose acetate butyrate formulation 
developed by Pyroxylin Products, Inc., 
of Chicago in conjunction with East- 
man Chemical Products, Inc. 

The arrangement of the butyrate 
tire can be seen in the accompanying 
illustration. The use of the tire actually 
has the multiple advantage of giving 
both electrical and mechanical protec- 
tion to the coil. Specifically, the buty- 
rate dip coat yields these benefits: 

1. Prevents transformer loading (low- 
ering of voltage which causes 
loss of brightness in picture). 

2. Prevents potential damage and 
breakdown of transformer. 

3. Prevents oxidation and shorts. 

4. Prevents absorption of moisture. 

5. Affords mechanical protection dur- 
ing manufacture. 

6. Protects against rough handling of 
fine wires during assembly of 
chassis. 

The butyrate coating has a flow 
point of 240 F and is non brittle down 
to 40 F. Dielectric strength is 800 
volts per mil at 0.02 in. thickness. 

DOO 


Cellulose acetate butyrate tire applied to flyback transformer eliminates 
corona effects at sharp edges of the rim. Compound is easily stripped to 
expose high-voltage lead. (Photo courtesy of the Admiral Corporation) 


DIVIDER = 1024 — 499=525 


secondary winding and produce a pulse. 

The 32.5-ke output is 22 volts into 
1000 ohms, the pulses 2—ysec. wide at 
the base. The 60-cps output is a 7-volt 
pulse into a high impedance load. Con- 
struction is that of a 7-tube subassembly 
734 x 314 x 3 in. using printed wiring 
techniques. Oo0OO 


Aluminum for Explosion- 
Proof Circuit Breaker 
Housings 


Cast ALUMINUM PANELBOARD STRUC- 
TURES have been used to decrease the 
weight of explosion-proof circuit break- 
er assemblies manufactured by the Pyle- 
National Company, Chicago. To provide 
protection in hazardous locations, panel- 
boards are designed with a triple-sec- 
tioned groove joint, as shown, which 
meshes cover, end plate and body to 
form a continuous, metal-to-metal explo- 
sion-proof seal. Approximately three 
turns of the end plate releases the cover, 
allowing shell half to be slid out. Com- 
plete inspection and maintenance of the 
branch circuit breaker connections can 
be made from the front of the unit. 
Compactness of the design allows side- 
by-side installation of panelboards on 
close centers. OOO 
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POWER * TRANSISTORS 


High power ratings 

High power gain 

Rugged, compact mechanical design 

Welded, hermetically sealed package for stability and long life 
Excellent heat dissipation characteristics 


Now Clevite can supply you with power transistors that fit 
your needs for audio applications, portable power supplies, 
etc., from a full line of six types. All are available in produc- 
tion quantities. All are rated at 25 watts continuous operation 
with infinite heat sink —15 watts with 36 sq. in. heat sink. 

Clevite Power Transistor packaging is compact. Vacuum 
baking and hermetic sealing of the package insure stability 
and long life. Low thermal resistance between collector junc- 


tion and large copper flange insures excellent heat conduction 
from the package to the heat sink. 


CLEVITE 


TRANSISTOR PRODUCTS 


241 Crescent St., Waltham 54, Mass. TWinbrook 4-9330 


Clevite Power Transistors are 
used in leading auto radios. 


OUTLINE SPECIFICATIONS 
[cre | CTP |ctP |cTP | 
a 42N268 | 1111 | 2N257 | 1104 [1108 41108 | Units J 
Instantaneous | | j | | 
Collector-to-Base 
Voltage (absolute | } | 
maximum) —80 {|—80 |-—40 |-40 | 
Junction j | 
Temperature | 
(absolute } | 
maximum) } 85 
Average Total 
Power Dissipation 
(with inf. heat 
sink @ 25°C) 
Average Total 
Power Dissipation 
(with 36 sq. in, 
heat sink @ 
25°C 


—20 | 


15 | Watts 
Power Gain ? [ | | 295 db | 
4 


} 
i 
Frequency Cutoff | kc/s 


30 «2 (choke coupled); Re=10 m 
500 ma; Ri 15 M (choke coupled); Re = 10 


Write for Data Sheet B-211 


Clevite Divisions: Brush Electronics Co. @ Cleveland Graphite Bronze Co. @ Clevite Harris Products Ince @ Clevite Research Center @ Clevite Ltd. 
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New Components 
and Materials 


A staff compilation of the latest—and only the latest—developments . 
screened for designed-in use in electrically operated end products . . . com- 
plete with all released specifications and available application data. 


HIGH-ENERGY CERAMIC PERMANENT MAGNET MATERIAL 


New oriented ceramic permanent mag- 
net material produces extremely high 
peak energy product, and makes pos- 
sible substantial savings in both mag- 
netic material and space. 

Made of a newly developed ferrite 
magnetic material, which is oriented in 
the direction of pressing, the material, 
Indox V, produces a peak energy prod- 
uct of approximately 3.5 x 108, as com- 
pared to 1.0 x 10® for Indox I, which 
is non-oriented. 

On an equivalent weight basis, the 
material’s light weight (0.181 Ib/cu 
in.) makes its energy comparable to 
alnico V. Because of its extremely high 
coercive force (2000 oersteds), the 
length of Indox V required is only 28 
per cent that of alnico V at optimum 
operation. The area is only 57 per cent 
of conventional nonoriented ceramic 
magnets. 

Residual induction (B,) of the new 
material is 3840 gauss. At the point of 
peak energy product, there is a flux 
density (B,) of 1920 gauss and a de- 
magnetizing force (H,) of 1820. The 
new product provides a wider high-effi- 
ciency operating range than alnico V 
because the maximum energy product 
does not have a sharp peak. 


RERATED MOTORS 


New Series 254U motors, rerated to 
conform with new NEMA requirements, 
include such features as elimination 
of “hot spots” through straight-through, 
dual-sweep ventilation. Tandem fans, 
one pushing and another pulling, pro- 
duce a washing action over the field 
coil ends to insure lower internal tem- 
peratures. 

Mylar, laminated to rag paper, is 
used as slot cell insulation. The dielec- 
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DEMAGNETIZING FORCE—H—OERSTEDS 


Other properties of Indox V include 
high resistivity (on the order of 10,000 
to 20,000 ohm-cm) and a low incre- 
mental permeability. 

Indox V is well-suited for such ap- 
plications as d-c motors, synchronous 
drives, TV focusers, magnetic clutches, 
and a variety of tractive devices where 
size is important. The Indiana Steel 
Products Co., Valparaiso, Ind. 


Circle No. 1, Reader Inquiry Service Cards 
preceding back cover 


tric qualities of Mylar and the cushion- 
ing effect of the paper backing provide 
virtually permanent protection. 

Removable cover plates on each end- 
head permit inspection without dis- 
mantling the motor. Since the bearings 
run in double-width races, they have 
extra-large reservoirs containing grease 
that resists dust, temperature, humidity 
and high operating speeds. 

Installation and maintenance are 
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Which P&B relay would you specify to 


CONTROL AN ELECTRONIC OVEN? 


eG 
: a 
2% 
i = 


PR Series MS Series MR Series 


New electronic ovens—the kind which cook an 18-pound turkey in 
an hour and a half, a large beef roast in 30 minutes, or bake po- 
tatoes in 4 minutes—require heavy duty, fast-acting relays de- 
signed for high voltage switching. Long, trouble-free service is 
essential and U/L approval is a must. 


The relay specified by one top manufacturer to fill this bill is 
P&B’s PR 11, specially adapted to our customer’s specifications. 
P&B engineers are old hands at adapting basic relay types to highly 
specialized uses. Twenty-five busy years of relay designing, engi- 
neering and manufacturing at P&B have built an unrivaled back- 
log of information and skill which is yours to command. 


ENGINEERING DATA 


SERIES: PR Heavy Duty. 


CONTACTS: Mox. DPDT. 5/16” dia. silver, 13 
amps. at 115 V., 60 cycle, non-inductive. 6.5 
amps. at 230 V. 60 cycle, non-inductive. 


VOLTAGE RANGE: 6 to 110 V. DC. 6 to 230 
¥. Ak 

COIL RESISTANCE: 63800 ohm max. DC. 

TEMPERATURE RANGE: DC, -45° to 85° C. 
AC, -45° to 55° C. 

PULL-IN: DC, 75% nominal. AC, 78% nom- 
inal. 

TERMINALS: Heavy duty screw type. Adapt- 
able for printed circuits or plug-in. 

BASE: Molded phenolic or metal. 

MOUNTING: (2) 3/16” dia. holes on 1%” 
centers. 

DIMENSIONS: 22” W. x 3%” L. x 242” H. 


P&B RELAYS AVAILABLE AT MORE THAN 500 DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Pitter & Step 9 MC. PRINCETON, INDIANA 


Subsidiary of AMERICAN MACHINE & FOUNDRY COMPANY Manufacturing Divisions also in Franklin, Ky. and Laconia, N. H. 
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When fo specify 
VULCAN ELECTRIC 
STRIP HEATERS 


. When application is for: Contact 

heating of dies, platens, molds, or 
any items with flat surfaces to which 
elements may be clamped. Also air 
heating source for ovens, air ducts, 
dryers. 
When specifications call for: 
Seamless one-piece sheath; rugged 
non-oxidizing terminal posts; steel 
sheath for sheath temperatures to 
750°F; Chromalloy sheath for sheath 
temperatures to 1200°F; 8” to 
422” lengths (or longer); 150 to 
1500 watts (or higher). 

. When you have “hot” problems: 
Vulcan Engineers are ready to supply 
special heating units — engineered 
to your needs. 


VULCAN ELECTRIC 
BAND HEATERS 


Constructed basically like the strip 
heaters, Vulcan Electric Band Heaters 
are designed for clamping around 
tanks, pipes, injection heads, etc. 
Standard width is 112”; inside diame- 
ters from 6” to 15” (special smaller or 
larger sizes available). Semi or full 
circular bands. Equipped with mount- 
ing tabs or clamping bands. 


Write for free catalog. 


ELECTRIC COMPANY 
DANVERS 2, MASS. 


Cartridge « Strip « Tubular « Immersion Electric 
Heaters ° Soldering and Branding Irons 
Solder and Glue Pots 


simplified through use of numbered 
leads. Numbers are permanently im- 
pregnated into the subsurface of the 
insulation and cannot wear off or de- 
teriorate. 

Full-height end-head protection is 
given. One-piece, shrouded end-heads 
give the motors full-height protection 
against moisture and falling objects. 
Internal baffles complete the splash- 
proof construction. 

Factory-installed end-head screens 
are included at no extra cost. Rob- 
bins & Myers, Inc., Springfield, Ohio. 


Circle No. 2, Reader Inquiry Service Cards 
preceding back cover 


CERAMIC ENCASED CARBON 
FILM RESISTORS 


Recommended for use in test equip- 
ment, meters and high frequency cir- 
cuits, precision resistor features a layer 
of pure carbon deposited on a ceramic 
rod. Silver plated end-caps are expan- 
sion-fitted for positive contact and the 
unit is encased in a nonhydroscopic 


<<} 


ceramic tube and hermetically sealed 
with high temperature solder for im- 
proved stability characteristics. They 
are fully insulated and suited for snap- 
in component clips. 

The resistors, which conform to MIL- 
R-10509B specifications, are furnished 
in standard tolerance of + 1 per cent. 
Available are 14, 4%, 1 and 2-watt sizes. 
Continental Carbon. Division of Wirt 
Co., 13900 Lorain Ave., Cleveland 11, 
Ohio. 
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COPPER-CLAD TRANSLUCENT 
PLASTICS LAMINATE 


An improved version of XXP grade 
which additionally meets MIL spec 
3115 B for type PBE-P, and will fulfill 
most printed-circuit requirements, Cir- 
print copper clad also meets UL re- 
quirements. 

Properties and characteristics in- 
clude high insulation resistance, better 
cold-punching qualities and lower mois- 
ture absorption. Like the company’s 
XXXP-36, Cirprint is translucent and 
water-marked for easy identification. 

Specifications include: 250.000 meg- 


ohms insulation resistance after 96 
hours at 35 C and 90 per cent relative 
humidity. Cold punching up to and 
including 144 in.; 0.80 per cent mois- 
ture absorption in a 1 in. x 3 in. x Ye 
in. sample after 24 hr immersion. 

The material’s translucency offers 
two useful properties: it allows a visual 
check on the register of a_ circuit 
printed on one side with that on an- 
other, and it presents a visual check on 
quality which, at a glance, shows the 
homogeneous structure, and lack of 
voids, blisters or other impurities which 
might dissipate the electrical insulating 
properties of the sheet. Formica Corp., 
1408 Spring Grove Ave., Cincinnati 32, 
Ohio. 
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THREE-MINUTE SYNCHROS 
MEET MIL STANDARDS 


New 3 Minute Size 23 Synchros are 
said to meet all performance require- 
ments and provide at least twice the 
accuracy specified in FXS 1066 Rev. 
4, MIL-S-16892 (BuOrd) and MIL-S- 
12472 ORD). They are especially 
valuable in airborne applications re- 


quiring accuracy with minimum bulk 
and weight. 

Engineered to increase accuracy in 
control and data transmission systems 
and servo mechanisms, the 3 minute 
synchros often eliminate need for two- 
speed synchro systems—thereby reduc- 
ing cost, and effecting appreciable econ- 
omies in weight, size, complexity and 
gearing problems. Matehed pairs of 
synchros are available to provide even 
greater system accuracy. Norden-Ketay 
Corp., Commerce Road, Stamford, 
Conn. 


Circle No. 5, Reader Inquiry Service Cards 
preceding back cover 


HIGH-FREQUENCY 
RESISTORS 


Two new lines of high-frequency re- 
sistors are useful in applications call- 
ing for very low inductance, capaci- 
tance and skin effect in circuits involv- 
ing pulses and steep wave fronts. 
Depending on size and resistance 
value, the resistors are usable at fre- 
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without a miss: 


Every signal, in a telemetering system, passes 
through the commutation switch — truly the 
heart of the system. 


To provide superior operating characteristics at 
this focal point, Mycalex Electronics Corpora- 
tion developed Mycalex Model TM-55 Series 
Commutation Switches using SUPRAMICA® 
555 ceramoplastic commutator plates. 


OEE ae Test results showed unquestionable superiority: 
“2 5500 hours at 600 RPM, 


with only a simple brush cleaning 
170 hours continuous operation at 1800 RPM 


... and still functioning perfectly with a clean, 
unchanging signal! 


SUPRAMICA 555 ceramoplastic is precision- 
molded in a wide variety of shapes and sizes 
offering: absolute dimensional stability—zero 
moisture absorption — dependable operation 
at temperatures as high as 950°F. — precise 
tolerance control — high dielectric strength 
— contacts cannot loosen even at widely dif- 
ferent operating temperatures. 


For information on Mycalex Model TM-55 
Series Commutation Switches, MYCALEX® 
glass-bonded mica, and SUPRAMICA® ceramo- 
plastics, write to General Offices and Plant, 
Box 311, Clifton, New Jersey. 

*600 RPM Operation 


OFFICES: 
R F R PLAZA N YORK . Ni YORK 
UNDER EXCLUSIVE LICENSE OF THE MYCALEX CORPORATION OF AMERICA 50 OEE ARS SE CORE Ss 


Ma Los Angeles Office: 
Mycalex Corporation of America, 5657 Wilshire Boulevard, Los Angeles, California, WEbster 8-2169 
Chicago Office: 
THE INSULATOR Mycalex Corporation of America, 6677 Northwest Highway, Chicago 31, Illinois, NEwcastle 1-7062 
3 Minneapolis Office: 
WORLD'S LARGEST MANUFACTURER OF GLASS- Mycalex Corporation of America, 8th St., Minneapolis, Minnesota, Fillmore 7701 


Washington Office: 
BONDED MICA AND CERAMOPLASTIC PRODUCTS Mycalex Corporation of Americo, 1411 Pennsylvania Avenue NW, Wash.4, D. C., REpublic 7-7040 
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PERFORATED 
MATERIALS 


He 


Utility - Beauty - Economy 
FOR TOMORROW'S PRODUCTS 


A MEDIUM OF 
LIMITLESS 
APPLICATIONS 


Designers are discov- 
ering an ever-increas- 
ing range of applica- 
tions for perforated 
materials. For func- 
tional or decorative 
purposes, or where a 
combination of both is 
essential, H & K per- 
forated materials are 
used in more products, 
in more accessories, 
in more places than 
ever before. 


REDUCES 
TOOLING COSTS 


Design, pattern and 
open area for almost 
every application may 
be selected from our 
thousands of perforat- 
ing dies—at no charge 
for tooling. (Tools for 
special designs can be 
built to order.) 


MATERIALS 
PERFORATED 


Harrington & King can 
perforate practically 
any metallic or non- 
metallic material that 
can be obtained in 
coils, sheets or plates 
. . . from foil-thin to 1” 
thick. 

H & K engineers will 
be pleased to work 
with you on your re- 
quirements. 


FIND NEAREST 


Hek AGENT 


See our catalog in Sweet's 
Product Design File. 


Fill in and mail coupon to Listed Under 
the nearest H & K office. “Perforated Metals” 


So ct eee 
Farrington & Ming 


PERFORATING CO. INC. 
| Chicago Office and Warehouse New York Office and Warehouse | 


5657 Fillmore Street 112 Liberty Street 
Chicago 44, lil. New York 6, N.Y. 


Please send me— 
[_] GENERAL CATALOG NO. 62 | 
CU) STOCK LIST of Perforated Stee! Sheets | 
| 
I 
I 
l 


NAME 


Nee acatens 


COMPANY___ 


STREET. 


cITY ceumepeneetinte eta: STATE 
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100 mc. Resistance 
from 20 ohms to 100 
megohms with tolerance of 20 per cent 


quencies to over 
values range 
to 5 per cent. 

Type G high-frequency resistors are 
tubular, and available in 6 sizes from 
444 in. long x 34 in. diam to 18% in. 
long by 2 in. diam, with band terminals 
or ferrules; power ratings, 10 to 100 
watts. 

Type F resistors 
come in 8 sizes from %6 in. long by 
0.10 in. diam to 61% in. long x %e in. 


high-frequency 


diam, with lugs or wire-leads; power 
rating, 14 to 10 watts. Resistance Prod- 
ucts Co., 914 South 13th St., Harris- 
burg, Pa. 
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BRAKEMOTORS 


Advanced design and totally protected 
components are combined to assure 
long life and trouble-free operation of 
a new line of rugged, cast-iron brake- 
motors that stop instantly and hold 
heavy loads. 

Features include a wide torque range 
from 3 Ib-ft to 345 lb-ft, one-piece 
molded friction linings for quick stops, 


and one-operation torque setting. In the 
event of power failure or low-voltage, 
“dead man” operation sets and holds 
the load until normal operation is re- 
stored. Design incorporates a minimum 
of wearing parts; any adjustments may 
be performed easily with ordinary tools 
by simply removing the brake housing 


and lifting out 
mechanism. 

All types of enclosures are available 
including those suitable for outdoor in- 
stallation or where extremely moist, 
corrosive, or abrasive dust conditions 
exist. Standard enclosures include pro- 
tected, totally enclosed nonventilated, 
totally enclosed fan-cooled, and explo- 
sion-proof Class I, Group D and Class 
II, Groups E, F, and G. Reliance 
Electric and Engineering Co., 1088 
Ivanhoe Road, Cleveland 10, Ohio. 
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the entire operating 


MINIATURE 10 KW 
SILICON RECTIFIER 


Series of miniature, 10-kilowatt silicon 
rectifiers, now being mass produced, 
are capable of operation in an ambient 
temperature range from —65 to 200 C. 
Combinations of the rectifiers will 
allow power output ratings of 1000- 
kilowatts and above. In most circuits 
the new rectifiers have efficiency ratings 
of 99 per cent. Because of a lack of 
aging effects, it is unnecessary to derate 
them for industrial or military applica- 
tions for long life. 

Developed under a contract with the 
United States Air Force, the rectifiers 
were designed for use in a wide variety 


of high power equipment where it is 
desirable to keep the total size of the 
equipment at a minimum. 

Applications for the new series in- 
clude aircraft power supplies; conver- 
sion of a-c to d-c for d-c motor drives 
in automation equipment—a single rec- 
tifier is capable of supplying the power 
needs for a 15-horsepower motor; com- 
puter power supply, and elimination of 
rotary converters driving d-c motors. 

Type designated 4JA60, the four sili- 
con rectifiers are available in peak 
inverse voltage ratings of 50, 100, 200 
and 300 volts with rms voltage ratings 
of 35, 70, 140 and 210 volts. 

The rectifiers have a maximum re- 
verse current rating of 50 milliamp at 
maximum PIV ratings at 200 C junc- 
tion temperature. Leakage current of 
less than “ooo the forward current con- 
tributes to high efficiency ratings of 
the new rectifiers. Maximum allowable 
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Rome Synthinol 901 was developed specifically 
for industrial “hot spots” like this 


Here’s the ideal wire for your hazard- 
ous-duty locations, where you must 
have exceptional resistance to heat, oil, 
and chemical hazards. 


Rome Synthinol 901 is a superior 
thermoplastic compound that resists 
more industrial hazards than any other 
PVC (polyvinyl chloride) compound. 
That’s been proved in more than one 
industrial “hot spot.” 

In Refineries. At bulk loading sta- 
tions, Rome Synthinol 901 has been 
continuously exposed to the damaging 
effects of heat and oil, and its inherent 
resistance to both enabled this wiring 
to outlast all other PVC wiring. 

In Chemical Plants. Explosion is a 
real hazard in plants where hydrocar- 
bon oils are processed. The oil resist- 
ance of Rome Synthinol 901 offers 
valuable protection against this hazard. 


In Manufacturing. Equipment 
manufacturers have their “hot spots,” 
too—for example, coil leads in trans- 
formers. These coils are immersed in 
oil over long periods at continuous op- 
erating temperatures of 90° C. or high- 
er. Rome Synthinol 901 not only with- 
stands the corrosive effects of this hot 
oil but also doesn’t contaminate the oil. 

For 600-volt service under extreme 
conditions of heat, moisture, corrosive 
fumes, oil or chemical corrosion—or 
combinations of all of these—Rome 


ROME 


—- <2 R 
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Synthinol 901 outperforms all other 
comparable PVC thermoplastic wires. 

Strong claims? To be sure, but you 
can prove them to yourself by testing 
this tough wire in your own plant or 
laboratory. 


Specify Rome Synthinol 901 for 
your own particular “hot spot.”’ 


Contact your nearest Rome Cable rep- 
resentative for further information 

or write to Department 643, Rome 
Cable Corporation, Rome, New York 


CABLE 
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CHOOSE FROM 


TYPES OF FIBREBOARD 
INSULATION 


PRESSITE 


For Air... Oi... 
Askarel Transformers 


An absorbent, unsized 
board of 100% virgin kraft 
stock free of metallic par- 
ticles. Excellentdielectric, 
physical and chemical 
properties. Available in 
natural kraft color. 


ELECTRITE 


PE ae treme ls 
Variety of Punchings 


DENSITE 
Extremely 
Hard Board 


Also treated with rosin 
size. Used by many man- 
ufacturers to replace 
more costly types of insu- 
lation. Natural kraft color. 


100% VIRGIN 

KRAFT STOCK GIVES 
HIGH DIELECTRIC 
QUALITY 


‘These three erades of West Virginia 
Fibreboard are available in a range 
of thicknesses (.031" to .250" for 
PRESSITE and ELECTRITE, .031" 
to .125" for DENSITE). For more 
information, write to: 


WEST VIRGINIA 
PULP AND PAPER 
COMPANY 


Pulp Products Department, y 
230 Park Avenue, 
New York 17.N Y 


1 cycle surge current rating is 900 amp 
and the maximum allowable continuous 
current is 84 amp per cell. 

Occupying a total volume of 1 cu in., 
each of the 4 rectifiers comprising this 
series employs a pipe thread stud for 
best possible thermal connection to a 
heat sink. The rectifiers will withstand 
thermal shock of 0 to 100 C in 5 see. 
axial strain of 10 lb at a right angle 
to the anode lead, and up to 500 g 
shock. General Electric Co., Electronics 
Park, Syracuse, N. Y. 
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CAST TEFLON FILM 
IN SPECIAL 4-MIL SIZE 


Extra-heavy 4-mil Cast Teflon film is 
made by a special process of depositing 
submicron-sized_ particles of Teflon 
on a highly polished metal substrate. 
This extra-tough 4-mil Teflon film is 
produced in a series of sequential op- 
erations consisting of the dipping. dry- 
ing and complete fusing of each of 12 
separate layers of Teflon. 

Important feature of this special 
process is that the films, comprising a 
multiplicity of layers, are free from 
voids, pinholes and physical surface 
disturbances. The film produced there- 
from possesses higher dielectric strength 
as well as longer dielectric life. Dilec- 
trix Corp., Allen Blvd. and Grand Ave.. 
Farmingdale, Long Island, N. Y. 
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EPOXY RESIN WIRE 
MARKERS RESIST OIL 
AND HEAT 


Oil-immersed wire leads are perma- 
nently identified with wire markers 
made with epoxy resin backing. These 
markers withstand continuous immer- 
sion in Pyranol or 10 C transformer oil. 
and operating temperature to 350 F. 
They were developed specifically for 
oil-immersed wire leads in distribution 
transformers, high-voltage transformers, 
voltage regulators and specialty trans- 


formers, but they are also used in any 
application where oily conditions are 
present. 

The epoxy resin backing on the wire 
markers is heat-activated. Adhesive at 
each end of the markers hold the 
markers tightly wrapped around the 
wire leads. The wire leads are baked, 
activating the epoxy resin into a per- 
manent, solid, oil-proof bond. The wire 
markers are mounted on handy dis- 
penser liners. The liner protects the 
epoxy resin backing and is removed 
quickly for fast application. The wire 
markers are made to order. W. H. 
Brady Co., 727 W. Glendale Ave., Mil- 
waukee 9, Wis. 
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HIGH IMPACT SOLENOID 


Solenoid of advanced design—Model Kk 

is designed to withstand excessive im- 
pact shock, delivering 20 lb thrust at 
100 per cent voltage. It is available for 
intermittent duty, both in push and pull 
types. 

Completely encased, it varies radi- 
cally from conventional a-c solenoids 


which have plungers of laminated con- 
struction; in Model K use is made of 
a solid cylindrical slotted plunger, 
which eliminates the rivet failure com- 
mon in conventional solenoids. 
Another feature is use of heavy duty, 
porous bronze bearings to assure com- 
plete alignment of both the plunger 
and the plunger extension. Both 
plunger and extension are polisheé “to 
eliminate wear and assure long life. In 
the pull type, an extra long (1% in.) 
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ENJAY BUTYL 
“LOAD CUSHION” 


replaces stee/ springs in big 


The “‘load cushion” is an important innovation in tandem suspension. Devel- 
oped by the Hendrickson Mfg. Company, it is made of Enjay Butyl and 
replaces steel leaf springs. Utilizing the great strength and impact resistance 
of Enjay Butyl, the “load cushion” gives the ultimate in a soft, easy ride 
within the complete range of loading, from empty to full. Besides giving a 
smoother, steadier ride, it increases tire mileage, reduces weight and signifi- 
cantly reduces wear and tear on equipment. 


Enjay Butyl has proved to be the answer to problems in many fields of 
industry. It may well be able to cut costs and improve the performance 
of your product. Low-priced and immediately available, Enjay Butyl may 
be obtained in non-staining grades for white and light-colored applications. 
Get all the facts by contacting the Enjay Company. Complete laboratory 
facilities and technical assistance are at your service. 


The unique design of the “load cushion” accounts for 
smooth, even rides in the full range of loads, empty to 
full. Enjay Butyl Rubber (in red) made it possible. 


Tractor Trailers 


Enjay Butyl is the super-durable rubber 
with outstanding resistance to aging + 
abrasion « tear « chipping « cracking « 


Pioneer in Petrochemicals 
ENJAY COMPANY, INC., 15 West 5ist Street, New York 19, N.Y. ozone and corona + chemicals « gases 


Akron + Boston « Chicago + Los Angeles » New Orleans + Tulsa 
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SIE monet c-6 


RESISTANCE METER 


eo. 
© 


Ae Me ut 


DIRECT READING FROM O 
OHMS TO 10,000,000 
MEGOHMS 


@ 3 TEST VOLTAGES: 1/2, 50, 500 VOLTS 
@ ACCURATE WITHIN 3% TO 1,000,000 MEGOHMS 
@ PRE-SETTABLE “CHARGE ADJUST” CONTROL FOR RAPID 


GO, NO-GO CAPACITOR CHECKING $200 


SOUTHWESTERN INDUSTRIAL 
ELECTRONICS COMPANY 


P. 0. BOX 13058 2831 POST OAK ROAD 
HOUSTON 19, TEXAS 


bearing is used to guide the plunger, 
whereas in the push type, two bearings 
are used, one for the plunger and the 
other guiding the plunger extension. 

The coil uses square wire to improve 
heat dissipation and provide greater 
mechanical strength. Glass insulation is 
used for high temperature operation. 
The coil is furnished with terminal 
lugs for easy connection. Lugs are 
housed in a connection cover for com- 
plete protection. The coil is surrounded 
by circular laminations inside the ¥ in. 
iron shell and has top and bottom 
washer-like laminations. The whole unit 
is assembled with four tie bolts and the 
coil is compressed by the laminations 
so no vertical movement is possible. 

Specifications include: Weight; 6 lb, 
11 oz including plunger (weight of 
plunger, 22 oz); stroke; 1%4 in.; mini- 
mum pull at 100 per cent voltage, 20 
lb. Minimum pull at 85 per cent volt- 
age is 12 lb. Overall dimensions of 
solenoid less plunger: 514 in. x 334 
in. x 35 in. Four mounting studs are 
on 214 in. x 3% in. centers. Angle 
brackets are available for horizontal 
mounting. Black and Webster, Inc., 
Newton, Mass. 
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VARIABLE SPEED 
TRANSMISSIONS 


Variable speed transmission is adjust- 
able over a complete range of 8:1, with 
settings adjusted either manually or 
automatically while unit is at stand-still 
or in motion. 

Transmission components run in oil 
and are completely enclosed. Optional 
spur, bevel, or worm gear reductions 


are available and may be installed in 
any of four positions or planes. Only 
two sizes of socket wrenches are needed 
for dismantling and reassembly of com- 
plete transmission. Transmission con- 
trol is arranged by either electrical, 
mechanical, hydraulic, or pneumatic 
means. 

Transmission of power is achieved 
through multiple contact of driving and 
driven disks which are free floating on 
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The Reference Encyclopedia 
of Electrical Sheets 


YOURS PREE The Electrical Steel Sheets Engi- 


neering Manual, published by United 
States Steel Corporation, has always 


from United States Steel had an indispensable place on the 


electrical designer’s reference shelf. 

The latest issue—the Fourth Edi- 
tion—contains the most recent mag- 
netization, core loss and other mag- 
netic curves for both grain-oriented 
as well as random-oriented silicon 
steels. Also included in this publica- 
tion are a great variety of engineer- 
ing data along with characteristics of 
many non-silicon steels. 

If you do not have this reference 
book on hand, send for a copy. 
Write, on your company letterhead, 
to United States Steel, Room 2801, 
Pittsburgh 30, Pa. Ask for the Elec- 
trical Steel Sheets Engineering Man- 
ual, Fourth Edition. 
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UNITED STATES STEEL CORPORATION, PITTSBURGH 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA 

UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 
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USS Electrical Steel Sheets 





COMAR 


is your best source for TELEPHONE TYPE 


__ RELAYS 


brad _ 


Standards 
and 
Specials 


TYPE TL—Fast-acting, sensitive, long-life, multi-pole 
relay. Max. voltage, 220 VDC. Max. contact 
combination, 8 PDT. Max. contact load, 5 amperes. 
Coils available for up to 0.1 second delay on operate 
and up to 0.4 second delay on release. Single or double 
switch stacks, 4" long, 1%” wide, 1%" high, plus stack. 


TYPE T—Voltages up to 125 volts DC, or 
up to 20,000 ohm coil. Contact combinations 
up to 6PDT; ratings up to 10 amperes at 
115 v. AC. (SPST.), can be supplied with 
time delay. Size 2'7/32" long, 1'/4" wide, 
1'!5/16” high, depending on stack. 


TYPE TJB—Fast-action. Long core 
provides greater sensitivity. Voltages up 
to 125 volts DC, or up to 15,000 ohm 
coil, std. Contact combinations to 6PDT; 
ratings to 10 amperes at 115 v. AC on 
SPST. Size: 2” x P/j4” x 1'4". Bifurcated 
blades available. 


TYPE TMB—Sensitive type. Voltages 
up to 125 v. DC, or up to 10,000 ohm 
coil, std. Contacts up to 6PDT. Ratings 
to 10 amp. at 115 v. AC on SPST. 
Vibr.: 10G at 5 to 300 cps, or 5G at 
300 to 500 cps. 1!” x 2442” x 1". 
Bifurcated blades available. 


TYPE TS—Miniature telephone 
type. Size: 15/32” x 23/32” x 

1'34,4", for 4PDT. Voltages up to 
125 v. DC, or up to 6500 ohm 


coil. Vibration: 10G at 5 to 500 


cps depending on contacts 
Send for and combinations. 
Complete 


Details 


OMAP evecreic COMPANY 


3349 ADDISON STREET 
CHICAGO 18, ILLINOIS 


RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 


140 


splined shafts equipped with only mod- 
erate axial loading. Disks can be easily 
replaced if required for considerably 
less than the components in other types 
of transmissions. George E. Clentimack 
Co., Inc., 229 West St., North Attleboro, 
Mass. 
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MINATURE SLIP CLUTCH 


Now available are miniature — slip 
clutches manufactured in 48, 64, 72. 
80, 96 and 120 diametral pitch, ranging 
from 0.750 in. through 1.500 in. pitch 
diam. Overall dimension is 0.562 in. 
with a choice of 0.1250 or 0.1875 bore. 

Center member is made of 303 stain- 
less steel; clutch plate of Oilite bronze. 


7O@ @& 


Selected gear is 303 stainless steel. 
while the clamp is 303 stainless steel 
with 2-56 socket head cap screw. All 
units are manufactured to Precision 
Class I tolerance. Dynamic Gear Co.. 
Inc., 20 Merrick Road, Amityville. 
nN. %. 
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SFHP MOTORS FOR 
PRECISION MOTORS 


Improved line of subfractional horse- 
power BORG-motors for precision in- 
struments are offered in a range of 
from ‘4000 to 450 hp and are available 
in both synchronous and _ induction 
types, with or without gear trains. 
Motors are designed for quality in- 
strument application and find use in 
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| E /a\ G.S. PATENTED GROOVES® 
G. S. research has now overcome vibration and fle os 


Small Gearing for many vital applications. G. S. PATE! 

e ° GROOVES, as pictured here, successfully insulate vibrations 

YT: 4 | | Hi ay | n ¢ of worm and gear teeth from reaching the shaft. Ultra smooth, 

| ° noiseless operation is more than ever assured by the use of 

Bakelite Gears. y% Whatever YOUR Gearing problem, you 

ra KE) WEST MEDILL AVENUE can depend upon G. S. research and engineering to lend 

CHICAGO 47, ILLINOIS powerful aid in reaching a successful solution. Here, you can, 

without cost or obligation, draw upon experience gained 

through 40 YEARS of specialization in the design and mass 

SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS production of better Small Gearing exclusively. Send drawings 

WORM GEARING * RACKS * THREAD GRINDING and particulars today. Get the ONE best and most economical 
application for the job! 


SEND FOR FREE «22,2222. 2:02 
Guide. It describes 80 types 
and applications. Contains useful charts . . a valuable aid to 


anyone interested in Small Gearing. Use company letterhead, 
please. No obligation, of course. Write today! 


bh 40 Yeurs of cfpesiadiring in dmall Gearing! 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 
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FOR EVERY SYSTEM 
APPLICATION 


CONTROL MOTOR 
TYPE R HO 


hams eo amet 1 


KEARFOTT offers the systems manufacturer the 
most complete line of precision made components 
available anywhere. Quantity production 

enables quick deliveries and reasonable prices. 
SYNCHROS— Transmitters, Control Transformers, 
Resolvers, Repeaters, and Differentials in 

Bu Ord Sizes 8, 11 and 15. High Accuracy and 
environmental resistance 

SERVO MOTORS— High torque, low inertia Servo 
Motors, Inertial and Viscous damped Servo 
Motors, in Bu Ord Sizes 8, 11, 15, 18 and 23. 


TACHOMETER GENERATORS — Available as 
damping generators, rate generators and 
integrators. They feature high output to null 
ratio and extremely linear outputs. Temperature 
stabilization may be provided. 


GYROS— Directional, floated rate integrating, 
free, vertical, and spring restrained rate gyros for 
all airborne navigation, stabilization or fire 
control applications. 


Bulletins giving physical 

and technical data of the 

various Kearfott Products 

will be sent on request. The 

Kearfott organization is 

available to assist in the 

development and 

manufacture of other 

precision components you | 
may require. YR yet er 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 


Soles ond Engineering Offices: 1378 Moin Avenve, Clifton, N. J. 
Midwest Office: 188 W. Randolph Street, Chicago, Ill. South Central Office: 6115 Denton Drive, Dallas, Texas 
West Coos! Office: 253 N. Vinedo Avenve, Posodena, Calif. 








communication, recorder and _instru- 
ment equipment, among others. 

End bells and gear train cases are 
die-cast alloys, precision machined to 
form a totally enclosed housing. Geared 
output shafts have two heavy bearing 
supports to accommodate radial load- 
ing. All gears are precision hobbed. 
The die-cast rotors are mounted on ball 
bearings for longer life and continued 
accuracy. Borg Equipment Div., The 
George W. Borg Corp., Janesville, Wis. 


Circle No. 14, Reader Inquiry Service Cards 
preceding back cover 


HIGH POWER REGULATED 
ELECTRONIC SPEED DRIVE 


Electronic variable speed drive, avail- 
able in capacities from 30 to 150 hp, 
consists of an operator’s control station, 
electronic control unit and a d-c motor. 
The electronic control consists of an 
ignitron-controlled three-phase, _ full- 


wave rectifier system with its associated 
firing circuits; variable field supply, 
tachometer feedback; protection and 
switchgear circuits. Dynamic braking, 
reversing, forward-reverse-jog operation, 
tachometer feedback, acceleration and 
armature current-limiting are included 
as standard features of the drive. 
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Flexloc thin nuts save space, 
weight and production time 


Self-locking nuts are 30% lower 
and lighter; speed up assembly 
with hand or power tools 


Self-locking FLexLoc thin nuts are 30% lower than 
regular height locknuts of the same nominal diameter. 
They fit into spaces where regular height locknuts will 
not go. You can design lighter, more compact units 
with them. 

Where you must reduce weight in a completed as- 
sembly, you can save by using shorter bolts with these 
lighter nuts. And you save production time. The length 
of engagement of mating threads is shorter: fewer 
revolutions of hand wrenches or power nut runners 
are needed to seat them. 

FLEXLOC nuts are of 1-piece, all-metal construction. 
You can use a FLExLoc fully seated as a locknut or at 
any point along a bolt as a stop nut. Once the threads 
in the resilient locking section are fully engaged, the 
FLEXLOC grips the mating threads with uniform locking 
torque wherever wrenching stops. Since there are no 
nonmetallic inserts to come out or deteriorate, the 
locking life of a FLEXLoc is virtually unlimited. 

Y our authorized industrial distributor stocks FLEXLOC 
nuts in a variety of sizes, materials and finishes. Consult 
him for details. Or write us for information about your 
special locknut problem. Flexloc Locknut Division, 
STANDARD PRESSED STEEL Co., Jenkintown 9, Pa. 


Y 

WIDTH WEIGHT PER 

ACROSS 1000 NUTS 

CORNERS | ——— 
125 361 . 
172 397 5 aA 
172 433 s 
.203 505 , as 


.250 649 


SPECIFICATIONS 
FLEXLOC THIN NUTS 


_ 
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-265 722 
-312 -866 
-312 938 
359 1.010 
391 1,155 


REGULAR eee 


——hOO | ORWOD 
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FLEXLOC thin nuts are 30% lower than regular height locknuts. 
There is a corresponding saving in weight. In sizes through 
5% in., thin FLEXLocs meet tensile strength requirements for 
regular height locknuts. FLExLoc nuts can be made in the 
thin type because every thread, even those in the locking 
section, carries its full share of the load. There are no 
nonmetallic inserts to waste head space or weaken the 
structure of the nut. 


-406 1.299 
1.312 469 1.516 
1.500 -563 1.732 


oo 
N39 
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NATIONAL FINE THREAD—S.A.E. 


Standard FLEXLOC self-locking thin nuts are available in plain or 
cadmium plated alloy steel, for use in temperatures to 550°F ; 
in plain or silver plated corrosion resisting steel, for tempera- 
tures to 750°F; and in brass and aluminum, for temperatures 
to’250°F. 


STANDARD PRESSED STEEL CO. 
NRE ic 
FLEXELOC LOCKNUT DIVISION 
a 
® 
*Steel only (plain or cadmium plated) in stock sizes. JENKINTOWN PENNSYLVANIA 
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Bernard Benz 


4 
ms! 


an important G-V specialty... 


Solving Thermal Relay Problems 


These Application Engineers study each proposed new use of thermal relays, 
select the relay best suited for the job, and test the relay under your conditions 
to tell you exactly what it will do. They can choose from more than 1,000 vari- 
ations of the G-V thermal relay line which are available as standard items, at no 
additional cost and on dependable delivery schedules. With these standard relays, 
they solve over 98% of all thermal relay problems submitted to us. 


The occasional user who needs a special design finds the separate G-V Research 
and Development Staff ready to apply their 
experience and ingenuity to the design of a 
new unit. 


Complete reliability in all G-V products is 
assured by certified qualification testing in the & 
G-V Environmental Test Laboratory under the mae 
most severe conditions found in field use. 


These are just some of the reasons why the e a 
country’s leading manufacturers of aircraft Manas ot 
and electronic equipment have used more than a o- 
a half million G-V Thermal Time Delay Relays ~ 4 ~ 
... Hot Wire Time Delay Relays... Voltage he . we 
and Current Sensing Relays... finding them Meabh. # 
more reliable and more economical than any te 
other. ol Nas ake 


Well-qualified G-V representatives, backed eas 
up by Regional Field Engineers, are ready to ae 
serve you anywhere in the U. S. or Canada. ” a 
Complete catalog data on G-V Relays and 
Thermostats is available. 


Key spots open for engineers interested in going 
places with a young progressive organization. 


G-V CONTROLS INC. 


8 Hollywood Plaza, East Orange, N. J. 
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With the exception of the d-c motor, 
all components are static and have no 
inertial properties to slow down system 
response. Ignitrons, thyratrons and mag- 
netic amplifiers provide full-field start- 
ing, smooth acceleration, and infinitely 
variable speed over a wide range. Regu- 
lation is 11% per cent or better. 

Circuit features include complete 
fail-safe protection, automatic current 
limiting, armature voltage limiting, 
automatic ignitron current balancing 
and automatic compensation for line 
voltage fluctuations up to + 10 per 
cent. Feature is the use of modular 
design. Dimensions: 5 ft x 5 ft x 2% 
ft up to 100 hp. 

Speed drive is designed for inclusion 
in automatic equipments. A small low- 
power d-c voltage is all that is required 
to control the motor speed. This con- 
trol voltage is available as a function 
of the speed setting on the operator's 
control station; or one or more external 
voltages may be used which are derived 
from various transducers integrated in a 
machine or process. Raytheon Manufac- 
turing Co., Commercial Equipment Div.. 
Waltham, Mass. 
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CLINCH NUTS HAVE 
SELF-LOCKING FEATURE 


Range of clinch nuts employing the 
Nylok self-locking principle has been 
enlarged to include sizes down to No. 
O. They are available in a wide range 
of ferrous and nonferrous materials. 
The self-locking principle eliminates 
need for lock washers, lock wires and 


ss 


other forms of safety fastening. The 
nuts, which cannot shake loose under 
severe vibrations, are effective in tem- 
peratures ranging from —70 to above 
250 F. They meet the torque require- 
ments of AN-N-5, and Signal Corps 
clinch nut requirements. 

A resilient pellet of DuPont Zytel 
nylon is permanently imbedded in the 
body of each Nylok nut. The pellet 
projects beyond the threads, and, when 
engaged, is compressed into the 
threads. Its spring-like wedging ac- 
tion grips threads tightly, setting 
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DESIGNING WITH ALUMINUM 


This is one of a series of information 
sheets which discuss the properties of 
aluminum and its alloys with relation to 
design. Extra or missing copies of the 
series supplied on request. Address: 
Advertising Dept., Kaiser Aluminum & 
Chemical Sales, Inc., 1924 Broadway, 
Oakland 12, California. 


JOINING ALUMINUM TO COPPER AND STEEL 


Waen aluminum must be joined to 
other metals, particularly copper or 
steel, virtually any metallic bonding 
process may be used. The most desir- 
able process for a particular application 
depends on considerations of cost, speed 
of production or service requirements 
of the finished joints. 


Of course, in all construction involv- 
ing dissimilar metals joined together or 
in close proximity, care should be taken 
to minimize the possibility of galvanic 
corrosion. 


Small Electrical Connections 


The electrical industry has found that 
small connections between aluminum 
and copper can be made using ordinary 
soldering iron techniques and common 
solders selected for the specific appli- 
cation. In simple soldered joints such as 
these, tin and tin-zinc solders are most 
commonly used. 


One automotive manufacturer uses a 
resistance soldering technique for join- 
ing aluminum to steel in its car’s elec- 
trical system. An aluminum wire is 
staked in a slot cut into the top of the 
steel stud to which it is to be connected. 
Flux is applied to the contact area and 
the head of the stud heated by two cop- 
per electrodes located on opposite sides 
of the joint. A pure tin solder is then 
applied manually to the joint area. A 
subsequent water quench also serves to 
remove flux residues. 


Heaters and Engine Radiators 


In the automotive field there has been 
an increasing interest in the use of sol- 
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FIGURE 1. Furnace soldered aluminum-brass radiators. 


Left, aluminum fins, brass tubes. Right, aluminum 
cells, brass tubes. 


dering for joining brass and aluminum 
parts in heaters and engine radiators. 


The cellular type of construction used 
in heater cores lends itself well to dip 
soldering techniques. The assembled 
core may be dipped in a reaction flux 
before furnace heating to 600F. The 
face of the assembly is then dipped 
inch into a 750F solder bath. By capil- 
lary action, the solder rises half way 
through the thickness of the core. After 
the back of the assembly is dipped, the 
core is cooled and washed with water. 


The tube-fin and cellular-tubular ra- 
diator constructions can be assembled 
by furnace soldering (see figure 1). In 
this method, the brass tubes are coated 
with a 20% tin-80% lead solder before 
the core is assembled. After assembly, 
the cores are fluxed and heated for two 
to four minutes in a 750F furnace. Flux 


residues are then removed by a water 
wash. 


In both the dip soldering and the fur- 
nace soldering methods, conventional 
procedures used in making copper ra- 
diators are followed. For heater cores 
and engine radiators, tin-zinc base sol- 
ders are finding the most favorable ac- 
ceptance. 


Electrical Conductor 
and Connectors 


Sound, strong joints are now being made 
by pressure welding single strands of 
aluminum to copper wire. On wire up 
to about 1g inch in diameter, this is done 
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FIGURE 2. The ALCUnector consists of elongated alu- 
minum and copper cups whose bases are butt welded 
together as shown in this cross section. A dielectric 
ball is then molded around the joint to minimize gal- 
vanic action between the two metals. 


with hand tools resembling wire cut- 
ters. Very much larger sections are also 
joined by pressure welding, using larger 
power operated equipment. 


A recent Kaiser Aluminum research 
development uses either pressure or 
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flash butt welding to join the bases of 
elongated aluminum and copper cups. 
The ALCUnector,* as this new device 
is called, is believed to be the most cor- 
rosion resistant and efficient connector 
yet devised for joining aluminum and 
copper electrical conductors. 

Made in a wide range of sizes, the 
ALCUnector is compact, easy to use and 
as strong as the conductors it joins. Its 
design is the reason for its success, and 
the welded joint is an important part of 
the design. The ALCUnector structure 
and method of making same are pro- 
tected by patent rights of Kaiser Alu- 
minum & Chemical Corporation. 


Bus Bar Connections 


The use of aluminum electrical bus is 
becoming standard in production plants 
and other large installations that con- 
sume large quantities of electricity. In 
these heavy load electrical systems, it 
is frequently necessary to connect alu- 
minum bus to copper or steel. When- 
ever there are extremes or moderate 
fluctuations in temperature, bolted con- 
nections may be unsatisfactory. 

To solve this problem, special joint 
designs and welding techniques have 
been devised by Kaiser Aluminum 
welding research engineers. Figure 3 
shows how some of these welded con- 
nections are designed. The welds must 
be made with a moderate amount of 
care. 

There are several ways by which 
these joints can be made, but one of the 
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FIGURE 3. Aluminum is frequently joined to copper 
or steel in electrical bus systems. Left, copper is 
braze-welded to aluminum in a double Tee joint. Right, 
aluminum and steel are braze-welded. In neither case 
is the copper or steel melted during joining. 


*A registered trademark of Kaiser Aluminum & 
Chemical Corp. 





DESIGNING WITH ALUMINUM No. 23 (Continued) 


best methods is a braze-welding tech- 
nique. 


In the braze-welding of aluminum to 
copper by the consumable electrode, in- 
ert gas welding technique, the copper is 
first “tinned” with a coating of silver 
solder in the joint area. This silver sol- 
der layer is applied to prevent the for- 
mation of a brittle aluminum-copper 
alloy at the joint. The arc is then di- 
rected on the aluminum in the joint area 
in such a way that it does not bear on 
the solder-coated copper. 


When joining aluminum and steel, a 
zinc-aluminum solder should be used 
for coating the steel in much the same 
way that silver solder is used on cop- 
per. Or it may be applied by a hot dip 
or galvanizing technique. The joint is 
then gas welded or brazed. 


In either type of joint, keys cut in the 
copper or steel help to add strength to 
the joint. This type of joint eliminates 
the problem of differences in thermal 
expansion. It has given excellent serv- 
ice at operating temperatures up to 
500F. The braze-weld joint and method 
of making same described herein are 
protected by Kaiser Aluminum & Chem- 
ical Corporation patent rights. 


FIGURE 4. Ultrasonic welding units look much the 
same as spot and pressure welding equipment. How- 
ever, the principle is entirely new to welding and is 
expected to find wide use in the future. 


Thin Sections of 
Aluminum and Copper 


Ultrasonic welding is a new technique 
that will undoubtedly find wide use in 
the joining of thin sheets of aluminum 
and copper. This process, effective on 
sheet up to 0.040 inches thick, uses 
ultrasonic energy to break up the oxide 
film on the metal surfaces being joined. 
A small amount of pressure then com- 
pletes the weld. 

In this type of welding there is no 
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Kaiser Aluminum 


A GENERAL GUIDE FOR SOLDERING ALUMINUM TO COPPER AND STEEL 


Application 


joining aluminum 
cable to copper 
lugs 


intricate assem- 
blies (e.g., brass 
tube aluminum fin 
automotive radi- 
ators) 


joining steel 
tubing to alumi- 
num sheet (e.g., 
refrigerator 


evaporator plates) 


joining aluminum 
generator field 
coils to cadmium 
coated steel pins 


joining aluminum 
to zinc castings 


thin sections 
(e.g., aluminum 
pigtails to 
copper tabs) 


Soldering 
Method 


dip soldering 
torch 


furnace 


furnace 


resistance 


How Solder 
is Applied 


by solder bath 
manually fed 


tubes precoated 
with solder 


tubes precoated 
with solder 


manually fed 


manually fed 


manually fed 
or sections 
previously 
“coated” with 
the solder 


Solder Used 
30 tin-70 zinc 
60 tin—40 zinc 


30 tin—70 zinc 


95 zinc—5 alu- 
minum 


pure tin 


82.5 cadmium- 
17.5 zinc 


34 tin—63 lead- 
3 zinc 


Type of 
Flux Used 


zinc chloride type 
zinc chloride type 


zinc chloride type 
or hydrazine type 


zinc chloride type 


organic boron tri- 
fluoride type 


zinc chloride type 


zinc chloride type 
or organic boron 
trifluoride type 


“heat-affected zone” flanking the joint, 
and the original tempers of the metals 
are retained. 


These are but a few of the many ap- 
plications in which aluminum is being 
joined metallically to copper or steel. 
For further information or assistance in 
techniques for joining these metals in 
your own applications, take advantage 
of the wide design experience offered 
by Kaiser Aluminum engineers. Their 


information or advisory service is avail- 
able, upon request and without obliga- 
tion, to any manufacturer interested in 
these metal joining processes. 


Contact the Kaiser Aluminum sales 
office or distributor listed in your tele- 
phone directory. Kaiser Aluminum & 
Chemical Sales, Inc., General Sales Of- 
fice, Palmolive Bldg., Chicago 11, IIli- 
nois; Executive Office, Kaiser Bldg., 
Oakland 12, California. 


ser Aluminum 


see our catalog in 


See “THE KAISER ALUMINUM HOUR’ Alternate Tuesdays, 
NBC Network. Consult your local TV listing. 


aan’ 


or write for copy 


series to: 
NAME___ 
POSITION 


ADDRESS 


KAISER ALUMINUM & CHEMICAL SALES, INC. 
Room 71272, Industrial Service Division, 1924 Broadway, Oakland 12, Calif. 


Please send, without obligation, the entire “Designing with Aluminum” 
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up a counter-thrust and creating a 
strong metal-to-metal contact of mating 
threads. The locking action is positive, 
whether the mating screw is seated or 
not. Advantage of the clinch nuts is 
that the screw can be inserted from 
either side. 

Because the Zytel pellet attempts to 
regain its original shape when de- 
formed, it actually “grows” into the 
threads, providing greater resistance to 
loosening. The Nylok Corp., 611 In- 
dustrial Ave., Paramus, N. J. 


Circle No. 16, Reader Inquiry Service Cards 
preceding back cover 


CHANNEL-MOUNTED TERMI- 
NAL BLOCK OFFERS MORE 
TERMINALS IN SAME SPACE 


Channel-mounted terminal block has 
50 per cent more terminals in the 
same space than conventional terminal 
blocks. The blocks are 25-amp box 
lug type terminals. (Also available in 


test 


the new design are 25-amp terminals 
with pressure wire connectors and 
50-amp box lug terminals.) All three 
types may be grouped in any manner 
on the same channel. 

Feature is channel mounting, which 
permits the blocks to be constructed 
in any desired number. Square D Co., 
4041 North Richards St., Milwaukee 
12, Wis. 

Circle No. 17, Reader Inquiry Service Cards 

preceding back cover 


HIGH-STRENGTH ALUMINUM 
BRONZE ALLOY 


High mechanical properties and supe- 
rior casting characteristics are com- 
bined in a new high-strength aluminum 
bronze alloy that will be produced for 
the first time in the United States by 
American Brake Shoe Co., New York, 
and Ampco Metal, Inc., Milwaukee. 
Designated Superston 40, the English- 
developed alloy contains about 12 per 
cent manganese. Essentially a_ two- 
phase (alpha-beta) alloy, it is nomi- 
nally composed of 75 per cent copper, 
plus 8 per cent aluminum, 2 per cent 
nickel and 3 per cent iron, in addition 
to the manganese. 

The alloy is said to surpass com- 
mercial bronze alloys in mechanical 








SALES OFFICES: NEW YORK - 


COIL CHARACTERISTICS: 
Operating Voltage: 

up to 230 volts D.C. 

Resistance: up to 14,000 ohms. 
Single or double wound. 
Operating Current: 

0.004 Amps., minimum 
Operating Time: 

0.003 Secs., minimum 


CONTACT ASSEMBLY: 
All forms A, B, or C. 

Single or double 

pile-up. Code #4 Palladium 
contacts, standard, 

Other contacts available. 


MOUNTING: 
Two 4-40 tapped 
holes on ¥4" centers 


sete 


what’s 
your 
handicap For lightning calculations of high 
speed computers and data processing equip- 
ment — for lightning responses of guided mis- 
siles and modern aircraft, the new Type 9 
relay meets all the critical requirements. A 
miniature telephone-type multi-contact relay, 
the Type 9 combines speed of action, reliabil- 
ity and high resistance to shock and vibration. 
It is available in a wide choice of contact ma- 
terials and with a maximum of 18 springs (9 
per pile-up). Springs are phosphor bronze for 
long life. Each unit is individually adjusted 
to insure conformance with rigid operating 
specifications. Type 9 is available as a herme- 
tically sealed unit, measuring 1” x 15% x 2”, 
only slightly larger than the regular relays. 
Work with your man from PHILLIPS on 
any relay problem — multi-contact, power, 


hermetically sealed, A.C. or D.C. 


HERMETIC SEALS, MULTI-CONTACT, POWER, HERMETICALLY SEALED RELAYS, ACTUATORS 


PHILLIPS 


PHILLIPS CONTROL CORPORATION . . . JOLIET, ILLINOIS 


AN ALLIED PAPER CORPORATION SUBSIDIARY 


PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA MONICA 


WASHINGTON - WINSTON SALEM - CLEVELAND - DALLAS - SEATTLE - KANSAS CITY- ST. LOUIS - DETROIT 

























LOOK FOR RIVETS 
WITH A COMPASS 
































































































Draw a 300-mile circle around your plant = 


You’re almost certain to circle one of 
Milford’s five manufacturing plants! 

















There’s hardly a metalworking plant in the country 
that isn't within overnight trucking distance of one 
of Milford’s five manufacturing plants. And 20 sales 
offices add to the convenience of ordering and getting 
rivets when you need them NOW! 


































To improve product appearance and strength 
... to take full advantage of automatic assembly 
... to cut delivery time and production costs 


—get in touch with Milford first! 






MILFORD 


THE MILFORD RIVET 


& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF. 








properties. It possesses higher yiela 
strength, greater toughness (Izod 
notched impact strength is 18 to 30 ft- 
lb) and long life. 

Whitish gold in color, this unusual 
alloy melts at a lower temperature 
(1.814 F), and can be readily forged. 
rolled or extruded. Its improved cast- 
ability gives it an outstanding advantage 
over conventional aluminum bronzes. 

For sand castings, tests show that in 
the statically cast condition the alloy 
has the following test bar values: 


Average 
Tensile strength, psi. 98.000 
Yield strength, at 0.5 
per cent elongation, psi. 48.000 
Elongation, per cent in 2 in. 26 
Reduction of area, per cent 28 
Brinell (10-mm. ball 
3,000-kg. load) 185 





Superston 40 responds to the advan- 
tages of centrifugal casting, producing 
mechanical properties superior to the 
static cast values. 

Wrought products can likewise be 
made with Superston 40, which is a 
good hot working alloy. Cold working, 
unless followed by interstage annealing. 
is limited, however, to such operations 
as cold drawing for sizing after extru- 
sion. 

First developed in England, the alloy 
will sell in the United States at prices 
said to be comparable to that of high- 
quality aluminum bronze. Ampco Metal, 
Inc., Milwaukee, Wis. 


Circle No. 18, Reader Inquiry Service Cards 
preceding back cover 


THERMISTOR-ACTUATED 
TEMPERATURE CONTROLLERS 
OFFER DUAL RANGES FOR 
FLEXIBLE APPLICATION 


Development of two dual-range Series 
560 line of thermistor-actuated tempera- 
ture controllers extends operating range 
of thermistor controllers and permits 
their use for subzero applications. Op- 
erating ranges of Model 56006 are 200- 
600 F and 100-300 F, providing a total 
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solve many difficult 
control problems...use 


Onl MAL YE: 


RHEOSTATS 
with special features 


Ohmite offers not only a line of standard rheostats 
but also rheostats with a wide variety of special fea- 
tures. Illustrated are only a few. All have the distinc- 
tive Ohmite design features: smoothly gliding metal- 
graphite brush; all-ceramic construction; insulated 
shaft and mounting; windings permanently locked in 
place by vitreous enamel. You will find the special rhe- 
ostat feature you need in the dependable Ohmite line. 


SPECIAL TANDEM ASSEMBLIES 
Ohmite Rheostats can be mounted 
with two, three, or more in tan- 
dem for simultaneous operation 
of several circuits by one knob. 


BUSHINGS FOR 
SPECIAL THICKNESS 
Extra-long bushings and shafts 
for panels up to 2” in thick- 
ness. Seven eddies lengths. 


VENTILATED CAGES 
Prevents mechanical injury to 
rheostat or human contact 
with electrically “live” parts. 


TOGGLE SWITCH 


Is operated with a positive 


snap by the rheostat arm at 


either end position. Used for [ 
heavy-duty applications. 


RHEOSTATS - 
TAP SWITCHES - 


a 
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RESISTORS - 
TANTALUM CAPACITORS 


SCREW DRIVER SLOT SHAFT 
Shaft ends slotted for operation 
with a screw driver where few 
adjustments are needed. 


SENSITIVE SWITCH 
Opens or closes circuit with 
minimum movement of control 
knob shaft. Extremely depend- 
able long life switches. 


WITH OFF POSITION FEATURES 
Opens circuit at high or low 
resistance position with snap- 
action (illus.): opens circuit at 
high resistance position with 
dead lug off position; or has 
dead section off position. 


RELAYS 


ITE 


OHMITE MANUFACTURING COMPANY, 3613 Howard Street, Skokie, Illinois 
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Or AA bal 
Power “ype 
RESISTORS 


f I | Hl t 
4 - ° 
* 
The Ohmite line of specialized CORRIB and POWR-RIB resistors 
solves your high-current, low-resistance problems. The four 
basic types of Ohmite units (shown below) handle a wide range 


of special power resistor needs. They are designed for con- 
tinuous or intermittent duty and provide dependability for 


ae » 
heavy-duty applications. Available in Fixed or Adjustable 
d Cd () iS ans “DIVIDOHM®" Types. 
IN STOCK—22 Corrib Resistance Values in 300 Watt Size 
(Core 842” x 1%”). 
IN STOCK—26 Powr-Rib Resistance Values in 5 Section Size 
(17 %” long). 
Write for Bulletin 144 
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TAP SWITCHES 
OHMITE MANUFACTURING COMPANY, 3613 Howard Street, Skokie, IiKinois (Suburb of Chicago) TANTALUM CAPACITORS 











coverage of 100 to 600 F. Model 56007 
will cover —100 to 50 F and 0 to 150 F, 
providing a total spread of —100 to 
150. The ranges can be switched in- 
stantly. 

The controllers deliver exceptionally 
accurate control (0.25 per cent over 
their entire control range). Connecting 
leads can be up to 200 ft long, using 
ordinary electrical wiring without di- 
minishing sensitivity and control accu- 
racy. The instrument is ruggedly built, 
is not position sensitive, and can be 
moved from one location to another 
without affecting accuracy or calibra- 
tion. Because of the high stability and 
excellent aging characteristics of the 
thermistor sensing element, the con- 
troller can be operated for periods of 
several months or more without recali- 
bration. 

The thermistor controllers offer a 
choice of two control modes: (1) on- 
off (two position) control; (2) time- 
modulated proportioning. Controllers 
contain an integral SPDT power relay 
rated at 10 amp, 115-volts a-c. Separate 
circuits for indication and control make 
these two functions independent; hence 
an indicating potentiometer, more rug- 
ged than the type conventionally used, 
can be employed without affecting con- 
trol accuracy. 

The thermistor sensing element can 
be supplied encased in a stainless steel 
probe of %6 or 1% in. in diameter and 
2-5 in. long, with a choice of three 
types of mounting heads. When instal- 
lation space is critical, a bare ther- 
mistor probe, little bigger than a com- 
mon pin, can be supplied. Fenwal Inc., 
Fenwal Sales Bldg., Leland St., Ash- 
land, Mass. 
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SUBMINIATURE 
3-POLE RELAY 


Occupying less than a cubic inch of 
space, subminiature 3-pole 
engineered to meet the demand for | 
multiplicity of action within a single 
relay. Applications include: small bus- 
iness machines, remote controls, 
other devices. 


and 


The KM series relay has a contact 
rating of 2 amp, 115 volts, 60 cycle, | 
resistive. Voltage: up to 48 volts d-c 








relay is | 
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Only 15¢” in diameter... 34” thick, this is an exceptionally small gage pressure poten- 
tiometer. Its miniature size and compact configuration permits use in ground and airborne 
installations—in control telemetering or remote recording circuits—wherever space is 
at a premium. 

Time proved performance. This is a fully integrated instrument built for high reliability 
under extreme environmental conditions. The dependable Bourns Bourdon tube assembly 
and linkage system provide exceptional -shock, vibration and acceleration characteristics 
... linearity and hysteresis are excellent. Units are designed to meet or exceed most 
government specifications for airborne equipment. 

The Bourns Model 304 weighs about 2 ounces. It operates with a high-level AC or DC 
signal. Pressure ranges: from 0-100 to 0-5000 psi. Three Bourdon tube materials are 
available: 

Beryllium copper—the standard construction—for non-corrosive fluids. Measures air, 
Freon, oil, and other common media. 

reg steel—permits corrosive fluids such as fuming nitric acid to be applied within 
the tube. 

Ni-Span-C — provides low temperature error for versatility of application. 

Complete data in Bulletin No. 304. 


ABSOLUTE AND DIFFERENTIAL PRESSURE 


In addition to the Model 304, Bourns manufactures a complete line of high pressure trans- 
ducers in absolute and differential ranges, for use with corrosive or non-corrosive fluids. 


Request Bulletin No. 70456. 


MODEL 706—differential § | MODEL 705-absolute 
pressure type with Beryllium #§ — pressure type for use with 
copper Bourdon tube > clean, non-corrosive media 
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MODEL 704—differential 


pressure type with stainless 
steel Bourdon tube 





General Offices: 6135 Magnolia Avenue Riverside, California 
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date 
NEW method 
of 


panel wiring... 





...requires just one-third the work 










PANEL CHANNEL® raceway 
gives you a neater wiring 
job in one-third the time. 
It eliminates wire bundling 
wiring ... Wire lacing. It attaches 
method. easily without special 
tools or hardware. 

PANEL CHANNEL is lightweight 
and durable... won't warp 


gives full details 
on this new 


NEW BULLETIN 









under high temperatures 
normally encountered in control 
panel service ... lasts for 

Send the life of the equipment. 
for your Available in a wide variety 
of sizes and styles, 

PANEL CHANNEL is also 
fabricated in special designs 


to your specifications. 
Panel Ghanet’ 


STAHLIN BROTHERS, INC.« 101 MAPLE STREET 
Belding, Michigan 


PANEL CHANEL 





copy of 
TULLE Stam EeOL en 


152 








nominal with pull-in at 75 per cent 
of nominal value. Coil: resistance up 
to 6,700 ohms; 1 watt power require 
ment. Temperature range extends from 
—45 to 55 C. 

Shock resistance: 30 g_ without 
mechanical damage. Vibration resist 
ance is 5 g in range from 10 to 55 
cps. Terminals: solder lugs. Dimensions 
(overall) : length, 14g in. max.; width, 
17/32 in.; height, 15/16 + 1/64 in 
Weight is approx. % oz. Potter & 
Brumfield, Inc., Princeton, Ind. 
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400-CYCLE HYSTERESIS 
SYNCHRONOUS GEARMOTOR 


New 400-cycle motor designed for ait 
borne strip chart recorders and othet 
devices is designed for 115-volt, 400- 
cycle, 100 rpm continuous duty rating 





The motor will also be available with 
other speeds, both synchronous and 
induction, with ratings adjusted to 
corresponding gear reduction. Holtzer- 
Cabot Motor Div., National Pneumatic 
Co.. Inc.. 125 Amory St., Boston 19. 
Mass. 
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PAPER TUBULAR CAPACI- 
TORS FOR 125 C SERVICE 


Molded PVZ capacitors, designed to 
meet need for a paper tubular capa- 
citor operating from —55 C to +-125 C 
without voltage derating. Applications: 
computers, missiles, telephone equip- 
ment and other high grade military and 
commercial equipment. The capacitors 
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DESIGNING HEAT INTO YOUR PRODUCT? 


General Electric Metal-sheath Heaters 
Save Time in Both Production and Design 









HEATING LIQUIDS 


1 DISHWASHER MAKER CHOSE screw- 2 
in type G-E immersion heater from 
wide variety available. Threaded 
fitting speeds installation. 


| HEATING SURFACES 


] 


T EASILY FORMED WITHOUT BREAK- 2 
ING ... this is reason why General 
Electric tubular heaters are choice 
of branding-iron manufacturer. 


HEATING PROCESS AIR 


2 





LARGE RADIATING SURFACE per 9? 
unit length of G-E finned tubular 
heaters allows maximum air circu- 
lation in forced-convection heating. 


Protective metal casing 


COMPLETELY ENCLOSED heating element of 


DIRECT CONTACT WITH LIQUID over entire 
heating surface provides fast heat-up and 
minimizes heat-transfer losses. Thermostat is 
easily 


installed for temperature control. 





STURDY METAL SHEATH permits casting 
heaters right into die body—without pro- 


duction headaches. Result is dependable, 
even heating of entire die surface. 


Brazed fins 





oy 


General Electric finned heaters is protected 
from dust in the air stream, eliminating 
trouble from short circuits. 





1 


SIMPLE ELECTRICAL CONNEC- 
TIONS, after heater is screwed 
into place, complete installation. 
Assembly is fast, easy. 












2 


a SORE 


LONG LIFE comes from com- 
bining quality die work with 
dependable G-E heaters. Users 
report up to 12 years life. 


ae FORMING To YOUR SPECS 
reduces on-site fabrication time 
and costs, and helps solve 
problems of installation. 





Mail to Section E723-11, General Electric Company, Schenectady 5, N. Y. 


GEA-6113 Handy Selector Guide for Metal Melting 

GEA-6146 Handy Selector Guide for Surface Heating 

GEA-6305 Handy Selector Guide for Water, Alkaline or Plating Boths 
CIGEA-6306 Handy Selector Guide for Heating Oil 

(11957 Catalog of Heaters and Devices 


HANDY SELECTOR GUIDES . 
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Learn how to pick the right G-E heater for your job. 
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For more information, contact your local G-E Apparatus Sales Office 
COMPANY 
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RINTED 
CIRCUIT 


CHEMICALS 


Faster Production 
.-- Minimum Rejects 
..... Better Circuits 


Choose Lonco, the Most Complete Line of Solder- 
ing and Fluxing Chemicals Available, for: 


Pre-Soldering Protection 


Coat with Sealbrite No. 230-10. This 
thin, clear liquid coating provides 3 
important advantages over other 
products of this type: 1) longer pro- 
tection against oxides, carbonates and 
hydrates; 2) greatly increased soldera- 
bility; 3) instant displacement of wa- 
ter and moisture from metal surfaces. 


Masking 


Coat with PC No. 33 Solder Resist. 
This is an extremely easy to apply 
masking coating which can be silk 
screened onto the circuit panel, if 


desired. It effectively minimizes | 


bridging, saves solder and produces a 
neater circuit. Solder Resist has a 
short time low temperature cure of 


20 to 30 minutes and resists high | 


solder pot temperatures up to 650°F. 
It may be used as received or thinned 
to any working viscosity. 


Fluxing and Soldering 


Spray, dip or roller coat Fluxcote 
21XR onto the circuit panel. This 
promotes quick and quiet soldering 
—whether area, spot or other auto- 
matic tinning or soldering systems 
are used. The bright, varnish-like 
residue is completely dry and tack- 
free and acts as a protective coating 
against leakage or breakdown. 

If insulating fluxes are preferred, 
Lonco Insulating Rosin Flux or fast- 
taking Rosin Flux No. 160 are recom- 
mended. Special fluxes are also avail- 
able for individual applications. 


After Soldering 


Use Lonco Flux Removers to insure 
fastest possible removal of flux residue 
and complete safety to rsonnel, 
the electrical circuit itself, plastic 
parts, color coding, decals, etc. Four 
types are available in varying degrees 
of solvency. Special removers can be 
furnished to order. 

All Lonco Flux Removers are rated 
as non-flammable or as safety sol- 
vents... toxicity is always in the least 
toxic range of commercial solvents. 


Get complete information and literature now. Re- | 


quest technical bulletin, Soldering of Printed Circuits. 


LONDON CHEMICAL 
COMPANY, Inc. 


1537 North 31st Avenue 
Melrose Park, Ilinois 
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are available in 100, 200, 300 and 400 
volt rating, and can be supplied from 
0.00047 to 0.022 mf in the 400-volt 
range, and from 0.00047 to 0.15 mf at 
100 volts. 

Nine different sizes of the PVZ capac- 
itors are offered to accommodate the 
various ratings. 

The molded PVZ capacitor is a paper 
tubular capacitor impregnated with a 
high temperature organic material 
which is polymerized into « solid resin. 
The solid capacitor rolls are contained 
in a mineral filled phenolic plastic. Af- 
ter molding, the unit is completely solid, 
and has excellent shock and moisture 
resistance and vibration properties. 
General Electric, Schenectady 5. N. Y. 
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HEAVY-DUTY STEP SWITCH 
New “MT Series” Step Switch carries 
contact ratings of 10 amp. The rotary 
solenoid actuating coil operates directly 
on 115 volts, 60-cycle current without 
the use of rectifiers. 

The switch is available with one to 
twenty independent circuits. Independ- 
ent cam-operated contacts make it pos- 





sible to set up any given combination 
or group of combinations desired for a 
given application. 

Use of this device simplifies circuits 
and, in many cases, eliminates need for 
auxiliary relays and other electrical 
components. It provides a positive inter- 
lock between sequence operations on 
one or more machines, on conveyor 
systems, batch mixing, and_ similar 
equipment. Eagle Signal Corp., Moline, 


Til. 


Circle No. 23, Reader Inquiry Service Cards 
preceding back cover 


ULTRA-THIN GAGE 
STAINLESS STEEL 


Now available is precision-rolled stain- 
less steel of the 300 and 400 Series in 
thicknesses down to 0.0005 in., to tol- 
erances as close as + 0.0001 in., in 
quantities from 1 lb to several tons. 
Uses for precision-rolled stainless 
include micrometer parts, electronic 











another 
product 


surprise 


from 

Helipot... 
Beckman 
Servomotor- 


Rate Generator 


Snug as two bugs in their 
unitized stainless steel 
housing, motor and generator 
work hand-in-hand on the 
same shaft... to improve 
response characteristics of 
suffering servo systems. 


Where the trouble is in the 
dynamics of your system 
components, watch this 
purposeful pair roll up their 
sleeves and go to work. The high 
torque-to-inertia motor, for 
instance, responds quickly and 
accurately to error signals .. 
with acceleration at stall up to 
100,000 radians/sec.?. Signal-to- 
noise ratio of the linear generator 
is 25:1 or better. Aiding and 
abetting each other in their 
dedicated mission, they'll operate 
continuously at stall and at total 
unit temperature from —55°C 
to 200°C. 


Right now, our corrosion- 
resistant,completely encapsulated 
Servomotor-Rate Generators are 
available in sizes 11, 15 and 18. 
(We'll soon add size 8; 
eventually, other sizes.) We’ve 
got descriptive literature available 
too. It’s data file 132. 


Beckman’ 
Helipot 
Corporation 
Newport Beach, California 


a division of Beckman Instruments, Inc. 


Engineering representatives 


889 in principal cities 
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surprise 


Another “eS Helipot! 


Fire burn and cauldron bubble ! Cook our new 
HELIPOT® Model 50 trimming-type potentiometer to 
a fare-thee well. Fish it out... shake it... kick 

it over the goalposts. And it works as good as new. 

Question: 

How come this amphibious trim-type miracle? 

Answer: 

Fusing and housing. The resistance element “‘slip 
ring’’ and terminals are fused to the Steatite 
(high-grade, mechanically stable porcelain) frame... 
enclosed in a one-piece stainless-steel seamless- 


Beckman® 


833 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








tubing housing . . . to form an indefatigable 
unit that laughs off heat and moisture, sneers 
at shock and vibration. 

For a trimming-type potentiometer with nominal 
resistance values from 1,000 to 25,000 ohms... 
that remains stubbornly stable after being set ... 
for airborne applications, where weight and space 
are critical, stability and resistance to 
vibration vital . .. there’s only one answer: Model 50. 

Model 50 and the encapsulated Model 51 are 
both fully described in data file 122. 






Hel i pot Corporation : Newport Beach, California 


a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 





other available components 


¢ AC AND OC TACHOMETERS * CitV...... 


ULTRALINEAR DC 
TACHOMETER GENERATOR 


A computing element 
of great accuracy 


Linearity of this tachometer is within 

0.02% expressed as a percentage of the out- 

put voltage at any speed from near zero to 4000 rpm. 

Unique design features maintain ripple voltages be- 

tween 100 rpm and 4000 rpm at less than 0.04% of the 

output voltage and the magnitude of the ripple voltage 
decreases appreciably at speeds below 100 rpm. 


Note these specifications: 
Output Voltage (volt/1000 rpm) 8.75 
Linearity (percent) 0.02 
Maximum Speed (rpm) 4000. 
Armature Inertia (oz. in.?) 3.7 
Friction Torque (oz. in.) a 
Weight (Ibs.) 8. 


DIEHL MANUFACTURING COMPANY 


Electrical Division of THE SINGER MANUFACTURING COMPANY 
Finderne Plant, SOMERVILLE, N. J. 


Please mail Technical Manual, describing Diehl Servo 


Motors and related equipment. (EM 157) 


NAME 

* aC SERVOMOTORS * 

AC SERVOMOTORS WITH COMPANY 
AC TACHOMETERS °* 

AC SERVOMOTORS WITH STREET 

OC TACHOMETERS * 





*® OC SERVO SETS * RESOLVERS 
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equipment, scientific apparatus. dia 
phragms, springs, among others. Amet 
ican Silver Co., Inc.. 36-07 Prince St 
Flushing 54, N. Y. 
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MIDGET PLUG-IN CONTROL 
PACK FOR METER-RELAYS 


Miniaturized plug-in control pack, con 
taining all the basic control circuitry 
needed for use with contact meter- 
relays, takes up no more than one- 
fourth the space usually required for 
such circuitry. Measuring approxi- 
mately 4 by 2 by 4 in., the new pack is 
about the size of a small camera. 
Although a large number of circuit 
variations are available in the control 
pack, the standard minimum parts in- 


+ 


clude an isolation transformer, a d-c 
power supply (including rectifiers) , 
and slave relays to provide 5-amp a-c 
115-volt contacts. Frequently an inter- 
rupter or sampling circuit is also in- 
cluded. 

The unit plugs into standard 11-pin 
octal type sockets. Four mounting studs 
provide additional mechanical support. 
Tipp-Tronic. Inc.. Tipp City, Ohio. 
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PANEL CHANEL RACEWAY 

FACILITATES WIRING WITH 
SOLDERLESS CONNECTORS 

Design of Pane! Chanel raceways per- 
mits quick wiring of electrical and 
electronic equipment with precut wires 
already equipped with solderless con- 
nectors. The panel Chanel raceways 
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KEEP UP-TO-DATE ON MAGNETICS 


» 


what are the new Performance-Guaranteed laminations? 


Whenever our tungsten-carbide dies have produced 
enough nickel-iron laminations of a new shape to permit 
stocking them for immediate delivery, we let you know, 
because we get so many requests for “what’s new in 
Performance-Guaranteed laminations?” 


It’s rather sensible, the emphasis our customers put on 
this ‘Performance-Guarantee.”” They know it’s a guar- 
antee based upon our higher quality hydrogen annealing, 
vital for high permeability laminations. 

You see, small percentages of impurities, particularly 
carbon, oxygen and sulphur, have a deleterious effect on 
magnetic properties—and they are present in every alloy 
at the beginning despite the most rigid control of the 
metallurgy of the heats. In this as-rolled state, the steel 
will develop as little as 5% of its ultimate permeability. 


Now everyone “hydrogen” anneals—but not everyone 
dry-hydrogen anneals. You can’t use bottled hydrogen, 
without leaving a surface oxide injurious to magnetic 
properties and making soldering virtually impossible. So 
we dry our hydrogen to a dewpoint of —60° C, removing 
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the water vapor which is produced by the reduction of 
hydrogen. Carbon reduces to methane, sulphur to sul- 
phur dioxide, and both are removed by the continuous 
flow of dry hydrogen during the 24-hour cycle. 

As a result of our superior annealing, we develop better 
magnetic properties and clean lamination surfaces, and 
you get that valued “Performance-Guarantee.” 

New Performance-Guaranteed shapes, in stock, immedi- 
ately available: EE 28-29, UI-312, F-21, DU-1, DU-37, 
rotor, stator and head laminations. Why not write today 
for Catalog ML-201 and full information on these and 
all other clean, flat, burr-free laminations we manufacture. 
Magnetics, Inc., Dept. EM-33, Butler, Pennsylvania 


Tf ft | 
MAGNETICS inc. 


— J J | 


CABLE. MAGNET $s 
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eliminate wire bundling and _ lacing, 
reduce work and copper loss in any 
wire grouping operation. The new de- 
sign provides slots, instead of holes. 

Wires with terminals can readily be 
passed through the slots, yet there is 
no sacrifice in structural strength of the 
raceway. Arrangement of the wire slots 
permits wiring to leave the Panel 
Chanel on the same plane as the destina- 
tion terminal. 

Because of its phenolic construction, 
the Panel Chanel is not affected by 
normal high temperatures encountered 
in control panels. Stocked are a full 
range of sizes from 1 in. x 1 in. to 4 
in. x 4 in. Stahlin Brothers, Inc., 316 
Maple St., Belding, Mich. 
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PLUG-IN MODULAR UNIT USES 
PRINTED CIRCUITS 


Plug-in modular unit, called the Plus 
Module, features compactness, rugged 
mechanical construction, and easy ac- 
SPECIFY... cessibility of components for servicing. 


BECAUSE. Standard size is approximately 1%¢ in. 


sq and 21% in. high, either with an octal 
plug-in base, or with a new type of 








It has high insulation advantages, uniformity 
and inherent ability to hold close tolerances 
which give you dependability. 


CLEVELITE dependability is the answer for 
product performance at its best. 





Also, ensure over-all economy by adding Cleve- 


lite reliability to your product plug known as the Plus Base that pro- 
7 | vides up to 32 contacts. A seven or nine 


pin tube socket is incorporated in the 


Write for folder showing the various grades in sd nnartiv crag thadbunr dren tending 0 
to transistors or subminiature tubes. 

which Clevelite is produced. Your inquiry will Other sizes and shapes can be made, 
supporting two or more tubes. Arthur 

receive prompt attention. Ansley Manufacturing Co., New Hope. 
Pa. 
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THE 
CLEVELAND CONTAINER LOW-COMPRESSION-SET 
PANY SILICONE RUBBER SEAL 
6201 BARBERTON AVE. CLEVELAND 2, OHIO 


Improved silicone rubber for use in 
domestic and industrial oven door seals 
and in other “hot” applications is 
designated SE-751. This low compres- 
sion set silicone rubber can withstand 
intermittent temperatures as high as 


PLANTS AND SALES OFFICES: 
CHICAGO + DETROIT + MEMPHIS + PLYMOUTH, WIS. + OGDENSBURG, N.Y. + JAMESBURG, WJ. + LOS ANGELES 






ABRASIVE DIVISION at CLEVELAND, OHIO 
Cleveland Container Canada, Ltd., Prescott and Torente, Ont. 














Representatives: 





NEW YORK AREA: R. T. MURRAY, 604 CENTRAL AVE, EAST ORANGE, W. J 600 F. 

NEW ENGLAND: RS. PETTIGREW & CO., 62 LA SALLE RD, WEST HARTFORD, CONN cemee q 
CHICAGO AREA: PLASTIC TUBING SALES, 5215 MN. RAVENSWOOD AVE., CHICAGO _ Extruded SE-751 gasketing can effec 
WEST COAST: IRV. M. COCHRANE CO., 408 S. ALVARADO ST., LOS ANGELES tively seal in oven heat and odors. It 
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Get wn fpueeceMnTlen jeg vunance — 


See for yourself why the new 


LEACH BALANCED-ARMATURE RELAYS 


outperform all other types in resistance 


to shock, acceleration and vibration 


AIRCRAFT AND 
MISSILE DESIGNERS, 


PLEASE NOTE 


ee eee 


ONE-PIECE DIE CAST ALUMINUM HOUSING for 
maximum strength and vibration resistance with 
minimum weight. 


MAGNET COIL wound with Teflon insulated magnet 
wire on one-piece Kel F bobbin assures reliability at 
elevated ambients. 


DUAL COIL construction is the most efficient magnetic 
circuit for minimum height and maximum resistance to 
vibration and shock. 


BIFURCATED CONTACTS assure high reliability in con- 
tact making circuits. Overtravel and high eontact 
pressures produced by the pivoted armature result in 
immunity to shock and vibration. 


ARC BARRIER of Kel F molded construction provides long 
arc path for use on 3 phase ac circuits, prevents phase-to- 
phase flashover. 


BALANCED-ARMATURE DESIGN. In a Balanced-Armature 
construction, shock and vibration forces cannot cause the 
relay armature to move. This eliminates faulty operation 
of contacts due to vibration and shock forces. 


HEADER AND CONTACT ASSEMBLY features simplified 
construction which eliminates internal wiring, lowers lead 
resistance, provides maximum resistance to vibration. 
Contacts and working parts are readily accessible through- 
out assembly, so that Leach is able to measure contact 
gap, contact pressure and overtravel, prior to sealing, on 
100 per cent of production. Customers are assured of 
maximum performance from every production relay. 
Patent Pending. 


MEETS ALL REQUIREMENTS OF THE MOST 
EXACTING OPERATING ENVIRONMENTS 


The Leach Balanced-Armature Relays meet or exceed 
requirements of MIL-R-5757, MIL-R-6106, MIL-E-5272. 
Typical ratings include: vibration, 20 G’s to 500 cps 
(higher ratings available); shock and acceleration, more 
than 50 G’s; temperature, —50° to + 125°C; life, 50,000 
continuous operations minimum at rated load; coils, any 
resistance to 10,000 ohms —also available for 115 vac, 
400 cps operation. 


Write today for your copy of the Leach Balanced-Arma- 
ture Relay Catalog. 


CORPORATION | LEACH RELAY DIVISION 


5915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 


DISTRICT OFFICES AND REPRESENTATIVES IN PRINCIPAL CITIES OF U.S. AND CANADA 
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CUT OUR DIE-MAKING 


COST OVER 307%!" 
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“Die building was speeded up 
and costs cut when we stand- 
ardized on Strippits, replacing 
conventional die springs. Strip- 
pits eliminated counterboring 

for springs or stripper bolts, 
which also permits use of light- 
er die shoes. Only light strip- 
per plates are necessary. For 
many dies, the even pressures 
and positive lengths of the 
strippits eliminate the need for 
stripper plates or pressure pads altogether."' 
Production shops, too, benefit from Strippit-equipped 
dies. No need to remove dies from your press to repair 
broken punches or springs. See illustration. Each Strip- 
pit is factory adjusted and tested to assure uniform pre- 
load and stripping force. A complete line of Strippits is 
available from stock to meet all your requirements. 

























































































SEND FOR BULLETIN NO. 12 


The STRIPPIT story should interest 
you. Send for your copy today. 
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| bility. 


may be tinted any color and may be 
easily calendered for use in other ap- 
plications where high temperature per- 
formance must be combined with flexi- 


\ 50-durometer compound in GE’s 
Class 700 high-temperature silicone rub- 
ber series, SF-751 can be made harder 
by addition of certain diatomaceous 
fillers. It has excellent processing char- 
acteristics for extrusion and calender- 
ing, has low shrinkage and low water 
absorption. 

Properly fabricated SE-751 parts can 
qualify under AMS 3302 and ASTM 
standards. General Electric Co., Sili- 
cone Products Dept., Waterford, N. \ 
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MINIATURE VOLTMETERS 


WITH EXPANDED SCALES 

Utilizing specially designed D’Arsonval 
type movement, miniature a-c voltmeter: 
featuring expanded scales are said to 
combine minimum size and weight with 
extreme accuracy. By eliminating the 
“wasted” portion of the scale, the ex- 
panded scale feature permits more pre- 
cise voltage readings at the critical 
point than is possible with normal 
scales. These instruments find applica- 


| Pee A ees ii meee 6a 
Betebstubsteletstotel 
90 190 10 120 130 140 | 
Se OS = one 
he. RS yn sinigicetal 


APPROX 


tion for accurate monitoring of line 
voltages in X-ray machines, and elec- 
tronic equipment where fluctuations af- 
fect operation. 

The Expanded Scale A-C Voltmeters 
are being produced in a variety ot 
models to meet almost any application 
requirement. Accuracy on all meters is 
held to + 5 per cent of the expanded 
portion of the scale (+ 1.5 volts on a 
90-120 a-c volt scale). 

Standard ranges are 90-120, 90-130 
and 90-140 a-c volts. Other ranges with 


| the lowest starting at 80 a-c volts can 


also be supplied: minimum scale span 
is 30 a-c volts. Standard scales are 
linear with black markings on a white 
scale. All meters except the Model 1145 
are calibrated for use on non-magnetic 
panels. 

Meters can be manufactured with 
watertight seal to meet applicable gov- 
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PANELLITINC., 7401 N. HAMLIN, SKOKIE, ILL., WIRES-IN RELIABILITY WITH 


ROCKBESTOS A.V.C. SWITCHBOARD WIRES 


IN THEIR CENTRAL CONTROL PANELS 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Wire — 
Solid or Stranded 


———— 


Rockbestos A.V.C. (N.E.C. type AVB) Switchboard Hinge 
Cable — Flexible Stranded 


a 


Rockbestos N.E.C. Type TA Switchboard and Fiexible 
Hinge Cable — Soiid, Stranded and Flexible Stranded. 


USE THESE WIRES FOR 


« Switchboords, 
Switchgear and 
Control Panels 


¢ Control Panels for 
Motor Starters 


« Elevators, Fire Doors, 


. - Cranes 
« Radio and Television 


Toanemitiars « Hinged Connections on 


Swinging Meter Panels 
« Motor Driven Rheostats ¢ Motor Leads etc. 
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Every detail, large and small, gets topmost attention 
in Panellit Control Systems to assure absolute 
reliability of operation . . . and wiring is one of the 
important details . . . That's the reason they use 
exclusively Rockbestos A.V.C. Switchboard Wire 

— standard in the industry for more than 25 yeors. 


Permanently insulated Rockbestos A.V.C. will not 
crack or flow at high temperatures. What's more, 

the felted asbestos acts like a cushion so that nect, 
right-angled bends are made fast and without 
cracking. It's heat resistant too . . . will not ignite 
under an arc. . . will not support traveling wire fires. 


Wire dependability and long life into your 
equipment with Rockbestos asbestos and varnished- 
cambric (N.E.C. Type AVB) or Rockbestos thermoplastic 
and asbestos (N.E.C. Type TA) switchboard wires. 
You'll find they are easier to install, safer and 
guarantee a better looking, longer lasting job. 


ROCKBESTOS 


PRODUCTS CORPORATION 
NEW HAVEN 4, CONNECTICUT 


NEW YORK « CLEVELAND « DETROIT «+ CHICAGO « PITTSBURGH « S7 


OS ANGELES *« NEW ORLEANS «+ OAKLAND, CALIFORNIA « SEATTLE 


ious 
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THE B/G PROFIT’ 
LINE OF HOME 
PLUG-IN-TYPE 


“Portable. 
BATTERY CHARGERS 


NINE PORTABLE PLUG-IN-TYPE MODELS 
No INSTALLATION FOR EVERY HOME USE! 
“ust PLUG INTO For keeping the storage battery fully charged right 


in the car, truck, boat, or plane! A storage batter 

cE! in iS plane storag attery 

RETTE LIGHTER RECEPTACE necessity—needed more now than ever before— 
CIGAREL'™ —— makes motor starting easy! 


© Light in Weight © Economical 
© Portable © No Radio Interference 
© Rugged © Noiseless 


®@ long Life .. 


‘ 


MLUSTRATED 
ALUSTRATED Single ond 6/12 Vow 
Single ond 6/12Vo 10 Amp. nee 
4 Amp veut 


MAUSTRATED 
Single ond 6/12 Volt 
6 Amp. Unit 


BATTERY CHARGERS 


Easily connected directly to storage battery 

nals by means of large battery clips. Especially 
recommended for charging storage batteries in 
trucks, tractors, boats, and planes. 


Quality Products Since 1931 
SAINT PAUL 1, MINNESOTA U.S.A 


FACTURERS OF OC-ac ERTERS, PORTABLE BATTER 
A” BATTERY ELIMINATORS, AUTO RADIO V 


TEFLON- 
GLASS 


FIBER 
LACING 


TAPE 


New Ben-Har Braided Lacing and Winding Tape 
combines two superior insulation materials—DuPont 
Teflon and glass fibers. Fibers are Teflon coated 
before braiding to maintain rough texture and assure 
tight knots—and to eliminate abrasive action of the 
glass. Ben-Har Tapes will not shrink and cut 
through insulated wires. They are pliable from 

100°F. to 500°F. They are non-absorbent and inert 
to most known chemicals and oils . . . completely 
wax-free and fungus proof. 


Available in 3/64, 1/16, 3/32 and 1/4 inch widths, 
in Offwhite. Also available in 8 colors and Black on 
special order. Write for prices and samples. 


BENTLEY, HARRIS MANUFACTURING Co. 


2201 Barclay St Conshohocken, Pa. 


BENTLEY, HARRIS INSULATIONS 


*T.M. Owens-Corning 








ernment specifications, if required. 
Commercial models without watertight 
seal are also available. International 
Instruments Inc., P. O. Box 2945, New 
Haven 15, Conn. 
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TRANSISTORIZED DIGITAL 
COUNTER 


Teamed with appropriate equipment, 
transistorized digital counter counts 
articles, degrees of rotation, or angular 
measurements at high speed. Small size 
and moderate cost are obtained by em- 
ploying printed circuit boards and 
modular construction. Total power con- 
sumption of the counter (2 watts) is 


no more than the filament power re- 
quired by a typical tube. Unit is con- 
servatively designed, with transistors 
operating well below their maximum 
rating. 

Counting frequency: 15,000 cps, with 
higher speed provided as a special. 
Input power: 60 cycles, 85 to 140 volts. 
Resolution: 10 microsec. 

Size is only 4 in. high x 115% in. 
wide x 9¥% in. deep. 

In operation, the output of a suitable 
transducer is sent to transistorized flip- 
flops within the counter. These in turn, 
when the desired number is reached, 
cause an output relay to function. 
Nader Mfg. Co., 2661 Myrtle Ave., 
Monrovia, Calif. 
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HIGH-PRESSURE TRANSDUCER 


Magnetic reluctance pressure trans- 
ducer of the diaphragm type, Model 
P2G, is now available in full-scale 
ranges from 1000 to 10,000 psig. The 
instrument, which operates in record- 
ing and control systems compatible 
with inductance-ratio input devices, 
makes possible static and dynamic 
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: ® SINGLE LEAD TERMINALS 
® PLUG-IN CONNECTORS 
_ @893 8 & 
|SPe® gX 


® COMPONENT END SEALS 


r SFA 


© TRANSISTOR CLOSURES 


NGO 


_-@ CUSTOM TERMINATIONS 


Hermetically Sealed miniature, 
sub-miniature or standard E-I terminals are 
specified for performance plus in military and 
commercial service. These dependable com- 
pression seals perform successfully under the 
most gruelling conditions . . . offer maximum 
immunity to shock, vibration and wide varia- 
tions of temperature and pressures. Check your 
sealed terminal requirements with E-I —rec- 
ommendations will be made on your specific 
applications without obligation. 


ELECTRICAL 
INDUSTRIES 


44 SUMMER AVENUE, NEWARK 4, N.J. 





Giannini 


ROTOSTEPPER 


Pulse-to-shaft Position Converter 


Powerful, 


rapid, absolutely controllable 


shaft rotation in precise 2° increments... 
for DC pulse-to-analog shaft positioning 
in computers, sequence switching, alge- 
braic counting, remote shaft positioning. 


Pulsed DC from hand operated switches, 
choppers, or any similar manual or auto. 
matic pulsing devices controls the Gian- 
nini Rotostepper in precise 2° angles of 
rotation .... unlimited in either direction, 
at the rate of one step per pulse. 


Optional control mechanisms available on 
the versatile Rotostepper provide homing 
to a fixed reference angle, automatic con- 
tinuous stepping with a steady DC volt- 
age, and/or potentiometric divided volt- 
age functional to shaft position. 


TORQUE: 
SPEED: 
ROTATION: 
LOCK: 


INPUT; 


SPECIFICATIONS: 
Up to 14 oz-in 
Up to 60 steps per second 
Unlimited CW or CCW in 2° increments 
Spring detent locks shaft in a position 
accurate to +6’ 
28 volts DC, 10 milliseconds minimum 
duration per step 


Giannini 


PRECISION INSTRUMENTS & CONTROLS 


For further information write for Rotostepper Bulletin 8915 


G.M. GIANNINI & CO.,INC.,918 E.GREEN ST., PASADENA, CALIF. 


pressure measurements accurate within 
+ 1 per cent full scale. High natural 
frequency and single degree of freedom 
pickoff suspension suppress spurious 
mechanical resonances in the measure- 
ment of pressure transients. 

All surfaces exposed to the working 
fluid are 416. stainless, permitting 
direct use with corrosive liquids and 
gases at temperatures from 65 to 
250 F. For extreme corrosion resistance, 
an 18-8 type stainless modification can 
he built on special order. 

The variable reluctance inductance- 
ratio pickoff is a rigid self-contained 
assembly externally mounted against 
the pressure sensing diaphragm. 

Model P2G weighs 18 oz, has a diam 
of 134 in. and an overall length of 
35g in. Pace Engineering Co., 6914 
Beck Ave., North Hollywood, Calif. 
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LOW DARK CURRENT 
PHOTOTUBE 


Low dark current, high sensitivity 
vacuum phototube, is designed for use 
in instruments and other devices. The 
tube, No. CE-75V, has a maximum dark 
current rating of 5.0 x 10” amp and 


the peak sensitivity of the SI surface 
is at 8000 Angstrom Units. All internal 
parts are electropolished in order to 
reduce dark current to a very low 
value. The bulb and base have also been 
silicone-treated to reduce external leak- 
age. Continental Electric Co.. 6 N. 
Michigan Ave., Chicago 2, Ill. 
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MULTIPLE RIGHT-ANGLE 
SOCKET MOUNTING FOR 
PRINTED CIRCUITRY USE 


Multiple right-angle socket mounting 
for use in conjunction with printed 
circuits can be used for two, three, four, 
etc., sockets. It can also be applied for 
the mounting of other electronic com- 
ponents such as resistors and capacitors 
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Two at a time... 


Wastebaskets molded for higher production ... lower cost 


A major manufacturer of metal housewares 
decided to broaden his line by adding plastic 
wastebaskets. His first step was to call in a 
Nosco sales-engineer . . . logical, because 
Nosco men are qualified plastic-parts tech- 
nicians who know exactly how to put Nosco 
engineering and production facilities to work. 
The Nosco plant thus becomes the cus- 
tomer’s own plastic molding department! 


For the 8-quart basket, Nosco engineered 
the deepest two-cavity mold ever built. This hot- 
runner mold, which virtually eliminates all 


scrap, weighs more than a ton and is run 
in one of Nosco’s large pre-plasticized presses. 


The two larger size wastebaskets, pictured 
above, are now molded one at a time, but 
when production warrants, these parts can 
also be molded in two-cavity dies. 


Nosco “Can Do” enabled this manufacturer 
to successfully produce deep-drawn parts 
at lower cost. Why not let one of our sales 
engineers put Nosco “Can Do” to work in 


designing your next plastic part? Please write. 


<= 


NOSCO 


For other case histories—and for a glimpse of the 
Nosco plant and facilities, send for the free 12- 
page brochure, “How the Nosco Plant Works to 
Produce Your Needs in Pratical Plastics.” 


NOSCO plastics, ine. « erie 4, pa. 


World’s largest injection molding plant 
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Precision, Snap-Action 


Panel Mount 
Push Button Switch 


“ACTUAL SIZE 


Model “Dp” ACRO micro-switch 


A compact, easy-to-install unit in conventional 
push button style 


Precision switches come in all shapes and sizes. Here’s 
an important new one by Acro that rounds out the 
line. Its compact dimensions conserve space behind 
the panel. And installation is a cinch since round 
holes are easiest to cut. 

This little switch packs a big wallop! It’s rated at 
12 amps, 125 volts, 1% hp—Underwriters’ listed. 
Mechanically, there’s up to 3% inch overtravel. Three 


types of terminals are available—screw, solder or 
quick disconnect. 


Write for Data Sheet D-1 


SWITCH DIVISION 


COLUMBUS 16, OHIO 


Plants at Columbus and Hillsboro, Ohio 
REPRESENTATIVES IN ALL PRINCIPAL CITIES 


that have not previously been incorpo- 
rated into the circuit. 

The new mounting can incorporate 
either sockets of the same size or 
sockets of varying sizes, and can be 
constructed to meet the combinations 
and specifications required. 

In addition to the high structural 
rigidity that will withstand high pres- 
sure and the shock and vibration resist- 
ant construction provided by the unique 
ribs, the mounting can be used in con- 
junction with the circuitry on either one 
or both sides of the laminate base. 
Cleveland Metal Specialties Co., 1783 
East 21st St., Cleveland 14, Ohio 
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SINTERED IRON WITH 

EXCELLENT MACHINABILITY 
Free-machining iron material, Powdiron 
FM, a pure sintered iron material is 
said to combine excellent machining 
properties with low cost. Applications 


include use in bearings, which fre- 
quently must be undercut or drilled, 
and in structural parts. 

Containing no copper. Powdiron FM 
also has especially high ductility. 
Bound Brook Oil-Less Bearing Co.., 
Bound Brook, N. J. 


Circle No. 34, Reader Inquiry Service Cards 
preceding back cover 


HERMETIC SWITCH WITH 
POTTED WIRES 


Primarily for use on aircraft and mis- 
siles, hermetically sealed potted switch 
complete with actuator will operate un- 
der trying environmental extremes. 
Special feature is the threaded actu- 
ator plunger guide sleeve which per- 


ne 
thee 
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SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVEK 


MOTORS 


Army tank ventilating 
blower motor. 


Motor parts for 
portable electric tools. 


Motor for air 
conditioning applications. 


Motor for de-icer 
metering pump. 





COSMO 


NYLON BOBBINS 
REDUCE YOUR 
COIL 
PRODUCTION COSTS 


e Costly secondary operations can be eliminated 
by incorporating economical terminal designs 
into the molded part. Winding rejects result- 
ing from insecure flanges are eliminated. 


. Flange Size 
Maximum 2” x 234” 


. Core Size 
Maximum 1} 
Minimum 5 33 


. Core Length 
Maximum 11’ 
Minimum 14" 


Wall Thickness 
Maximum 093" 
Cosmo Nylon Bobbins are accurately and eco- er 
nomically molded to your particular speci- 
fications. Dimensional stability, high preci- 
sion, close tolerance and reliable uniformity 
is assured. 


New 
CATALOG 


and 
SAMPLES 


on request 


Our engineering service is available on request. 
Send your specs to Cosmo for prompt action. 


> SALES DIVISION OFFICES 


Lovis, Missouri 


ime Sis Illinois © Detroit, Michigan © Guilford, Connecticut 


3239 WEST 14 STREET © TOwer 1-5597 CLEVELAND 8, OHIO 


Nd: (0) 2:10) | a 
CONNECTORS | © . 


FEATURING— 


NO SOLDERING FOR ATTACHMENT 
OF LEADS OR CABLE 

Wide terminals with broad headed , TYPES 
screws (similar to those used in 
Phone Plugs) make it convenient 
and fast to attach leads 
without soldering. 


2501 Fl—has long nickel 
plated handle with built- 
in cable clamp in the end 


Fits standard single contact a aie a 
Microphone Connectors such as 2 
: 501 FS—has short nickel 
Switchcraft 2501-MP. MCL mth 
AVAILABLE AT ALL LEADING U.S.A. List $1.65 
RADIO PARTS JOBBERS 


1324 N. HALSTED ST., CHICAGO 22, ILL. | 


Canadian Representative: Atlas Radio Corp., Ltd., 
10 Wingold Ave., Toronto. Canada 





mits mounting the switch actuator but 
ton flush or extended any distance from 
the mounting board up to % in. 

Switch No. 9129, mounted on actu- 
ator, has 14 in. overtravel with 4 in 
pretravel along the plunger. Switches 
tested have passed the 50G shock MII 
actuator button is 
compounded from special elastomers 
that will flex satisfactorily at —-90 as 
well as 285 F. The switch is bonded to 
the switchcover and will withstand 100 
psi pressure differential inside to out- 
side without rupture or leak. Haydon 
Switch Inc.. Waterbury, Conn. 
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specification. The 


SPEED CONTROL VALVE 


Speed control valve with a screw driver 
slot provides split-second timing of 
piston movement by positive control of 
air flow. It can be mounted in any posi 
tion. at either or both ends of a cylin 
der to provide air flow adjustment. The 


new valve also is available with regular 
knob adjustment or pin lever adjust 
ment. 

The valve. 
justment and maintenance, can be dis- 
assembled easily without breaking the 
line connection, and its construction is 
simple because the only moving part is 
the poppet. Ross Operating Valve Co., 
120 East Goldengate Ave., Detroit 3, 
Mich. 
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designed for ease of ad 


MOLYBDENUM SHEET 
AVAILABLE FROM STOCK 


Pure molybdenum sheet in commercial 
quantities is now available from stocks. 

Stocks are maintained in seven thick- 
nesses: 0.005 in., 0.007 in., 0.010 in., 
0.012 in., 0.015 in., 0.020 in., and 0.025 
in. Orders of less than 25 kilograms 
(55 Ib) are normally shipped within 
one week, which allows time for shear- 
ing, annealing, cleaning and inspection. 

Stock consists of Moly “D” Sheet, a 
premium grade notable for its ductility, 
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CLEVELAND SPECIAL HEADED AND THREADED PRODUCTS 


quantity by a large manufacturer of electrical equipment as part 
of the tap changer indicator assembly on distribution transformers 


Cost of special collar stud is cut 20% 
by Cleveland’s cold forming techniques 


The famous Kaufman Double Ex- 
trusion Process which turns out 
millions of Cleveland precision cap 
screws yearly is highly adaptable 
to low-cost production of your fast- 
ener-type specials. 

The tap changer stud pictured 
above is typical. Used by a well- 
known electrical equipment manu- 
facturer, it was previously cut from 


, ‘ 4 


Black area represents metal that had to 
be cut away when stud was produced by 
machining. In the Cleveland cold form- 
ing process almost all the metal in the 
working slug is present in the finished 
part. The customer saves the difference. 


bar stock. The special head, double 
shoulders, and groove above the 
threads meant numerous machin- 
ing operations and 
scrap. 

Cleveland now cold forms this 
special stud at 20% less cost to the 
customer, while holding the spec- 
ified .005 in. tolerance. And the 
part is stronger. Inthe head, threads 
and fillets, grain flow is symmetri- 
cal and_unbroken. In addition, the 
forging action of the Kaufman proc- 
ess toughens surface metal while 


considerable 


leaving the core ductile. Both fa- 
tigue resistance and tensfe strength 
are thus increased. 

We are regularly cold forming 
close-tolerance specials—many with 
unusual or extreme upsets—in large 
quantities. So whether your part is 
simple or complex, it will pay you 
to check with Cleveland, particu- 
larly at the design stage. There is 
an excellent chance that through 
cold forming we can cut the cost 
and improve the physical proper- 
ties of the part vou have in mind. 


Write for a copy of our folder “Specials by Specialists” 
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THE CLEVELAND CAP SCREW COMPANY 
4444-11 Lee Road, Cleveland 28, Ohio 





we work with the 


Euginecred Plastics 


... and “know-how” 


ne >): 


Electronics Test Cage 


att 


Physical Testing Laboratory 


orig 


Flvorocarbon Machining 


*du Pont’s trademark for its tetrafluorothylene resin. 
tKellogg’s trademark for its trifluorochloroethylene resin. 


The United States Gasket Com- 
pany is the recognized leader 
in the fabrication and applica- 
tion of the engineered plastics 
—TEFLON*, KEL-F}, NYLON, and 
FLUOROTHENE. 


Today, this company offers engi- 
neering and manufacturing talent 
and facilities unmatched in the 
industry to assist its customers in 
the profitable application of these 
and other plastics for almost count- 
less purposes. 


This company also is the only 
manufacturer offering the user of 
these materials a complete line of 
molded and extruded stock from 
which he may produce his own 
parts—plus modern, high-speed, 
low-cost machining facilities for 
producing his parts for him to close 
tolerances—plus an extensive in- 
jection molding plant for the max- 
imum economy in large volume 
production. 


Hence, we not only provide for the 
manufacturer’s needs at the proto- 
type and limited production stages 
of his product—but supply the 
answer tothe mostefficient method, 
and an accurate yardstick of cost- 
measurement, in the production 
of his ultimate requirements. 


Send us your drawings or samples 
for estimates, or write for 20-page 
brochure “Inside U.S.G.”’. 


TA ae 


i fl 
Pf 


1 
\ 
yr) 


UNITED STATES GASKET CO. 


CAMDEN 1, NEW JERSEY 





malleability and deep drawing qualities. 
Moly “D” Sheet is always supplied in 
the annealed state, although unallealed 
metal is available when so specified. 
Fansteel Metallurgical Corp., North 
Chicago, Il. 
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SUBMINIATURE FEED- 

THROUGH TERMINAL 

Available in commercial quantities is 
a new subminiature feed-through ter- 
minal whose standard basic dimensions 
are 0.770 in. overall length, 0.047 tur- 
ret diam and *%¢ in. hex nut diam. 
Standard body material is melamine, 


Se 


electrical grade (Mil-P-14, Type 
MME). The terminal is silver-plated, 
the nut nickel-plated. 

Flashover voltage of the feed-through 
terminal is normally rated at 8.4 high, 
7.0 low, for an average of 7.9 kv d-c 
(nut against '%2 in. plate). Whitso, Inc., 
Dept. EMC, 9330 Byron St., Schiller 
Park, Il. 
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SILVER AND CADMIUM OXIDE 
CONTACTS WITHSTAND 
LARGE CURRENTS 


Electrical contacts able to withstand 
large currents without welding or stick- 
ing contain silver and cadmium oxide. 
New line of Gibsiloy compositions pro- 
vides greater current-carrying capacities 
and increased electrical ratings. They 
have excellent arc-quenching traits, low 


contact resistance, high conductivity 
and low material loss. 

Typical applications include motor- 
starting and limit switches, light and 
medium-duty contactors, light and me- 
dium-duty relays, aircraft relays, and 
industrial controls. Available are KA-2 
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Type F: Miniature 12-po- 
sition, 30-60° throw, can 
be mounted in 1-5/16” 
circle; phenolic, mycalex 
or steatite. 


Types J, K, N: 1-17/64” 
diameter; provides for 
flexibility of layout; inter- 
changeable sections, 
phenolic or steatite. 


Type L or DL: Using dual 
eyelet fastening; 18-posi- 
tion; mounts in 2-9/32” 
circle; phenolic, mycalex. 


Multiple Shafts com- 
bined to operate snap 
switches and potentiome- 
ters; many different sec- 
tion types. 


an INFINITE VARIETY 
from standard parts 


Series 20: Simple switch For Printed Circuits: 
for tone controls, band Special lug design for in- 
switching, and talk-listen sertion into printed circuit 
circuits boards. 


SWITCHES 
CHOPPERS 
ROTARY SOLENOIDS* 
SPECIAL ASSEMBLIES 


@ No matter what you need in low-current switches, VIBRATORS 


you are most sure to find it in an OAK switch design. In the 
last 25 years, OAK has produced over a quarter billion 
switches—rotary, slider, pushbutton, plug, and door switches— 
in thousands of variations. Why not take advantage of 

OAK’s unmatched, switch engineering background . . . 
production facilities ... and huge inventory of tooling? 


MFG. CO. 


1258 Clybourn Ave., Chicago 10, Ill. 
Telephone: MOhawk 4-2222 


*Manufactured under License from G. H. Leland, Inc. 


WRITE FOR your copy of the OAK Switch Catalog which 
covers the most popular of OAK’s standard switches. 


Type 160 Rotary Slid- 
er: 7/8” height allows 
shallow chassis; leads are 
readily accessible. 
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Type 130 Pushbutton: 
Available with from one 
to 24 buttons, 32 contacts 
each button. 


Type 80 Pushbutton: 
Very adaptable. Used in 
communication equip- 
ment; economical for less 
complex applications. 





glass fabric 


electrical tapes are 


STRONGER 


Hesgon A & B electrical tapes have 
greater strength per mil. of thick- 
ness than any other tapes currently 
in use. For example, ordinary 1” x 
.005” tapes—168 Ibs. Hesgon 1” x 
.005” tapes—300 lbs. 


and at a 


LOWER COST. 


Check your distributor for prices 
on the tapes best suited to your 
needs. 


Atlanta 18, Ga. — Electrical Insulation Suppliers, 
Inc., 500 Means St., N.W. Jackson 5-2707 
Chicago 6, ili. — insulation Mfrs. Corp. 
565 West Washington Bivd. Central 6-7320 
Cleveland 14, Ohio — Insulation Mfrs. Corp. 
1231 Superior Ave., N.E. Superior 1-2310 
Columbus 16, Ohio — National Electric Coil Co. 
Hudson 8-1151 
Dallas, Texas — Electrical Wholesalers 
2001 Griffin St. Prospect 2996 
Dayton, Ohio — insulation Mfrs. Corp. 
120 West Second St. Mich. 4515 
Los Angeles 23, Cal. — Western Fibrous Glass 
Products Co., 4423 Fruitiand Ave. Ludiow 8-3211 
Minneapolis 3, Minn. — Insulation Mfrs. Corp 
1208 Harmon Place Federal 6-5353 
Newark 2, N. J. — Robert McKeown Co. 
6 Atlantic St. Mitchell 2-7600 
New York 7, N. Y. — Mitchell Rand Insulation Co. 
51 Murray St. Cortiand 7-9264 
Peabody, Mass. — Huse Liberty Mica Co. 
Lynnfield St Jefferson 1-7100 
Philadelphia 3, Pa. — Earl B. Beach Co 
1609 Vine St Rittenhouse 6-3333 
Pittsburgh, Pa. — Earl B. Beach Company 
P.O. Box 8623 Churchill 2-0400 
St. Louis 10, Mo. — White Supply Co 
4343 Duncan Ave. Franklin 1-2616 
San Francisco, Cal. — Western Fibrous Glass 
Products Co., 739 Bryant St. Sutter 1-5967 


Seattie 4, Wash.—Western Fibrous Glass Products 
Co., 1915 First Ave., S. Seneca 7250 


Horace Linton Division 


ESS, YOLDSMITH & COLINC. 


1400 Broapway, NEw York 18, N. yee 


A MEMBER OF BURLINGTON INDUSTRIES 
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and KA-3 silver and cadmium oxide 
materials, which are sintered powdered- 
metal mixtures. KB-2 and KB-3 mate- 
rials are fabricated from wrought alloy 
compositions. KB tends to have more 
resistance to electrical and mechanical 
wear: it also costs less than KA. 

KA contacts are supplied in the form 
of disks, rectangles, irregular shapes in 
sizes up to | in. thick x 8 in. sq max. 
KB contacts are supplied as_ rivets 
beaded from wire, rectangles cut from 
stock, projection-weld-backed disks, and 

within certain limits—disks with o1 
without silver or solder backing. Gibson 
Electric Co., 8349 Frankstown Ave., 
Pittsburgh 21, Pa. 
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AIRCRAFT PRESSURE 
SWITCHES 


Pressure switches specifically designed 
for aircraft use are useful for switching 
electrical circuits in response to pres- 
sure changes in gases, liquids, and the 
atmosphere. They will perform accur- 
ately and reliably in any position, and 
are designed for the environmental re- 
quirements of appropriate MIL speci- 
heations. 

The capsular elements which operate 
the snap-action switch have been speci- 
fically designed for this application, 


and assure maximum resistance to 


vibration. Outstanding  over-pressure 
protection is provided by the design of 
the assembly. in addition to the pro- 
tection inherent in the capsular element 
itself. A variety of mounting arrange- 
ments are possible. 

Two sizes are available: regular size 
for pressures between 5 psi and 150 
psi; and miniature size for pressures of 
from 2 to 100 psi, each in absolute, 
gage. or differential as specified. Both 
types are regularly supplied in SPDT 
snap-action type wired for NO or NC 
(two-terminal connector, or one termi- 
nal connector with ground) or wired 
for SPDT with three-terminal con- 
nector. Contact ratings are 5 amp or 
10 amp at 30 volts d-c or 115 volts a-c. 
Normal ambient operating temperature 


range is —65 to 250 F. They are her- 





IS YOUR 
BEST SOURCE 


FOR 
SOLDERING LUGS 
TERMINALS 


PRINTED CIRCUIT 
HARDWARE 


HERE’S WHY: 


® Specialized high production 
techniques afford lowest possible 
unit cost. 


® Precision tooling, rigid quality 
control assure tolerances to critical 
specifications. 


® Ample stocks of over 1000 differ- 
ent parts permit prompt delivery. 


@ Malco specializes in a complete 
line of small stampings for Radio- 
TV, electrical/electronic and auto- 
motive industries. 


@ Our line includes terminals and 
printed circuit hardware in loose 
or in chain form for automatic 
insertion. 


Let Malco show you how you can save 
on production time and costs. Contact 
us today. 


Request handy ref- 

erence catalog con- 
taining specifications 
on standard and cus- 
tom-made lugs, termi- 
nals, coronarings, 
pins, contacts and 
similar stampings. 


TOOL and MANUFACTURING CO. 
4021 W. Lake St., Chicago 24, Ill. 
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MOLONEY BUILDS 
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In keeping with the trend toward 
higher temperature operation of elec- 
trical equipment, Moloney Electric 
Company, St. Louis, Missouri pro- 
vides the ultimate insurance against 
failure—J-M Type 3 Quinterrabord. 
Incorporated in sealed nitrogen filled 
transformers, the lasting insulation 
value of J-M Type 3 Quinterrabord 
insures long life and efficiency with 
no possible chance of shorting out 


JONNS MANVILLE 
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Ya" Type 3 Quinterrabord being placed be- 
tween the legs of a Class H transformer where 
it acts as a phase barrier. 


Ye"* Quinterrabord yoke insulation between yoke and 
high voltage winding. Moloney perforates it to allow 
circulation of nitrogen gas for cooling. 1/32” Quinter- 


= .«*, rabord is used as frame insulation (not shown), 


terrabord Type 3 


Electrical Insulation 


under continuous high temperature 
or overload. 

Type 3 Quinterrabord is a speci- 
ally processed sheet of highly puri- 
fied asbestos fibres, subsequently 
treated with silicone. This treatment 
insures moisture and corrosion re- 
sistance. Free from impurities, 
uniform in texture and thickness, 
Quinterrabord has high pyrolysis 
resistance (thermal stability) and 


lasting dielectric strength. As in- 
stalled, it is not cured so remains 
somewhat flexible. Then, when sub- 
jected to increased temperature and 
pressure in operation, curing takes 
place with a resultant increase in 
mechanical and electrical properties. 

Folder EL-89A gives the complete 
story. Write Johns-Manville, Box 
14, New York 16, N. Y. In Canada, 
Port Credit, Ontario. 


Johns-Manville ELECTRICAL INSULATIONS 


— PRODUCTS 
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Whether your de- 

signs call for small 
precision springs or 

any of the big rugged 
fellows (such as we’ve 
been producing for years 
for the leading farm imple- 
ment people), we'll wel- 
come the opportunity to 
quote on your require- 
ments. By “requirements” 
we mean utmost reliabil- 
ity and adherence to de- 
livery schedules—as 

well as competitive 
pricing. 


BEFORE YOU PLACE YOUR NEXT SPRING ORDER: 


1) 


Are you getting design engineering service from your present 
source of supply? 


Does your supplier have 200,000 square feet of space devoted 
to the production of all types of large and small spring items? 


Does your supplier maintain a large raw material inventory to 
service your needs? 


Do your price and delivery quotations satisfy you? 


IF NOT, CALL, WRITE or PHONE: 


AMERICAN 

SPRING & WIRE 
SPECIALTY 
COMPANY ‘sess 





metically sealed for maximum protec- 
tion. The Bristol Co., Plates Bridge & 
Naugatuck Rd., Waterbury 20, Conn. 
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CIRCUIT BREAKER HAS 
IMPROVED VIBRATION 
RESISTANCE 


Improvements in a miniature magnetic 
circuit breaker, built for use in pro- 
tecting electronic equipment, include 
extending the vibration resistance. On 
earlier units it was 0.06 in. total ex- 
cursion from 10 to 55 cps. Newer pro- 
duction units withstand 10 G at 55 to 


1000 cps. The trip level has also been 
raised to 135 per cent of rated load 
current. 

Units are available for interrupting 
50 d-c volts at currents from 0.05 to 
10 amp and for interrupting 120 rms 
volts, 60 or 400 cps, at current from 
1.0 to 10 amp. The toggle bushing of 
this breaker is the same as on conven- 
tional on-off switches. Thus, this minia- 
ture breaker can replace switches on 
electronic equipment and provide cir- 
cuit protection as well. Airpax Prod- 
ucts Co., Middle River, Baltimore 20, 
Md. 
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HINGED LEVER SWITCH 


FEATURES EASY REMOVAL 
OR ASSEMBLY 


Design of hinged lever actuator Tyni- 
Switch makes possible easy removal 
and assembly of the lever; this makes 
it possible to use standard parts and 
also to add secondary operations to the 
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You can pull 


full load .-- SAFELY! 


Re-Designed 
Arktites... 


Feature new pressure 
connectors — new easier- 
to-wire l-piece interior 
assemblies — new easier- 
to-interchange plug and re- 
ceptacle interiors — new 
plug adaptability to any 
type and size cable. 

Fully interchangeable 
with older style. Same 
price. Currently available 
in 30 and 60 amp. sizes, in 
2-, 3- and 4-poles. 


Sj eto 


enctusively through 
ELECTRICAL 
DISTRIBUTORS 


CONDULETS FLOODLIGHTS 
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these plugs at 


Circuit-Breaking 


PLUGS AND RECEPTACLES 


20 amp to 400 amp.—250V D.C.; 600V A.C. 


SAFE at all times — even if you pull an Arktite plug 
to disconnect an energized motor or appliance in an 
emergency! 


You don’t have to open the disconnect switch be- 
fore withdrawing an Arktite. Arcs created as line and 
load poles disengage are confined in deep, insulated 
arcing chambers —are instantly snuffed out by pres- 
sure-deionization and lack of oxygen. There's no pos- 
sible danger of flashover injuring personnel or de- 
stroying property. 


Contact your Crouse-Hinds Distributor, nearest 
Crouse-Hinds Office or Representative for complete 
information. 


@ Operated like a 
giant switchboard, 
this Arktite installa- 
tion with variations 
in power, frequen- 
cies and voltages is 
used to speed up 
machine tool test- 
ing. Plugs can be 
inserted and with- 
drawn from “live” 
receptacles without 
using a disconnect 
switch. 


SYRACUSE 3, Ne FY. 
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lever to meet special application re- 
quirements. 

The switch is available in two types. 
Type A has the following operating 
characteristics: 


Type A 
Pretravel max., in. 0.250 
Overtravel min., in. 0.200 
Movement differential 0.020-0.080 
Operating force max., gm 18 
Release force min., gm 9 


The switches are listed at 15 amp; 
125 and 250 volts a-c. Fully enclosed, 
the switch is extremely compact, as 
connecting elements in the spring re- 
lease mechanism are eliminated; there 
is only one moving part. With only a 
single stamping being used, positive 
action is provided. The special blade 
design produces fast operation with 
positive maintenance of contact, which 
is virtually bounceless. TyniSwitch De- 
partment, Detroit Controls Corp.. 800 
Union Ave., Bridgeport, Conn. 


Circle No. 42, Reader Inquiry Service Cards 
preceding back cover 


NEW ONE-INCH ROUND 
METER FOR FLUSH MOUNTING 
PROVIDES LONG SCALE ARC 


Particularly adapted to portable, air- 
borne and other similar equipment 
where high accuracy must be combined 
with minimum size and weight; 1-in. 
round meter employs a miniaturized 
D’Arsonval type movement. Accuracy 
is held to + 3 per cent of full scale 


deflection for d-c instruments and + 5 
per cent for a-c instruments. 

The flush mounting case is adaptable 
for mounting behind a panel with a cut- 
out for the scale. By using the optional 
external shroud, the meter can be 
mounted from the front with a mini- 
mum projection from the panel surface. 
This latter application is, it is stated, 
particularly adapted for edge-lighting 
requirements. 

Model 104-W meters with watertight 
seal have been tested successfully in 
accordance with the environmental re- 
quirements of MIL-M-17272-A for elec- 
trical instruments. 

Also available are Model 104-C 
meters with the same dimensions and 
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New Westinghouse 


EPOXY INSULATION 


eliminates voids, gives high 


dielectric strength and low power factor 


Westinghouse semicured, epoxy-resin-treated glass tape is dry and flexible, 
extremely easy to apply in insulation systems, whether used as tape or 
layer insulation. It combines the advantages of epoxy resin and woven 
glass fabric. Properly applied, it eliminates voids, giving high dielectric 
strength, low power factor, and good solvent and moisture resistance. 
This insulation is recommended for applications in the class “‘B’’ tem- 
perature range where bonding between adjacent layers is achieved by the 
use of heat or heat and pressure, such as an inner layer or outer wrap 
of coils for transformers, rotating equipment, or cable conductors. 
Westinghouse semicured epoxy insulation is supplied in tape form 
or in widths up to 38”. For application information and technical data, 
mail the coupon at right. J-06632-X 


4 7 


MAIL THIS COUPON ... TODAY 


Westinghouse Electric Corporation, 
Micarta Division, Trafford, Pa. 


Please send me more information 
on epoxy insulation. 

Name 

Company 


Address 


WATCH WESTINGHOUSE WHERE BIG THINGS ARE HAPPENING TODAY! 
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Circuit Breaker Company 


Instrument Transformers 


= 


ss KV current 
transformer, “5 
ampere alte. 1-T-E 15 KV current 


Cact in 
HYSOL 6800 


Epoxy Cacting Ronin 


HYSOL 6800 has proved to be the best and most economical epoxy 


casting resin for |-T-E Instrument Transformers, in an exciusive process 
developed by |-T-E. 


When compared to other epoxies, HYSOL 6800, a highly filled hot 
melt, offers these outstanding features: 


® Meets the requirements of Specification 
MIL-1-16923 B, Types B and C 


© Improved thermal shock resistance 
(—40°C to 130°C) 


® High dielectric strength 
® Low coefficient of linear thermal expansion 
® Superior mechanical shock stability 
® Self-extinguishing properties 
® Good chemical resistance 


@ New economies 


Using HYSOL 6800, transformer design engineers have found they 
can achieve reduction in size and streamlined appearance heretofore 


impossible. 
6SiVE 
et 
&” ™ 
; ; ; % 
complete lines of Electrical Insulating 


7 

& 
Materials, Adhesives and Sealants, Tool- afy & 

+ 


ing Materials and cast products as rod, Protect ot HOUGHTON ORIES, INC. 
sheet and tube. + é 


¥ 
Conemnc ee 


HOUGHTON LABORATORIES INC. 
OLEAN, NEW YORK 


In Canada 
HYSOL (Canada) LTD., TORONTO, 17 


Houghton Laboratories manufactures 


electrical characteristics, that are de- 
signed for commercial applications 
where watertight seal is not required. 

Model 104-W meters are designed for 
a dielectric strength of 1500 volts rms. 
International Instruments Inc., New 
Haven, Conn. 
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MINIATURE MULTICONTACT 
RELAY 


Miniature, telephone type multi-contact 
relay is especially suited for aircraft 
equipment, guided missiles, computers, 
data processing equipment, two-way 
mobile radio units, among others. Type 
9 relay, which has features comparable 
to maker’s Type 8, measures 15%2 in. 


long by 7842 in. wide. Height depends 
on the number of springs. It is also 
available as a hermetically sealed unit, 
measuring 24% in. x 15g in. x 1 in. 
overall. 

Other specifications include: Mount- 
ing, two 4-40 tapped holes on % in. 
centers; coil, d-c only, single or double 
wound; resistance, up to 14,000 ohms. 

Wattage, maximum 3 watts dissipa- 
tion. 

Contacts: Forms A, B, C or D (AxB). 

Relay is available with a wide choice 
of contact materials, and with a max- 
imum of 18 springs (9 per pile-up). 

Type 9 combines speed of action, re- 
liability, and high resistance to shock 
and vibration. Springs are phosphor 
bronze for long life. Each unit is 
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surprise 
Another produc from Helipot! 


| Mer Aa | 
Mees oes eS 
aj ae 


SE Tear | eto vend 
‘ad 
wot 


DIAMETER 


SERIES 5700 (EE 
2 eS A 
Pees Se 


Discriminating engineers, the world’s toughest 

critics, applaud the brilliant performance of Helipot’s 
brand new trio - - series 5400, 5600 and 5700 single-turn 
precision potentiometers. 


According to the program notes, these three virtuosi 
come in a choice of five mounting-and-bearing 
combinations. A one-piece, dimensionally -stable plastic 
housing eliminates a separate rear lid. There are 
tighter tolerances on linearity and mechanical run-out. 


A new rotor design reduces mass... permits 
e S ’» lower contact pressure... results in decreased 

coil wear, more reliable o operation, greater life 

expectancy. Incidentally, torque is lower. 


They’ re a quiet trio, too. Maximum noise, at 100 
rpm, with 1 milliamp of slider current, is 100 millivolts. 


Sweet music to any electronic designer’s ear ! 


For complete information and specifications on these three 
new HELIPOT* precision potentiometers, write for data file12M. 


F li pot Corporation: Newport Beach, California 
a division of Beckman Instruments, Inc. 


708 "REG. U.S. PAT. OFF, 
Engineering representatives in principal cities 
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SPECIALTY 
MANUFACTURER 


OFFERS 


SAVINGS 
SMALL PARTS 
FASTENERS 


Multiply these case histories a thou- 
sandfold and you'll get some idea of 
the variety of tough problems we 
crack, and the savings we effect for 

our customers in the course of a 

year. 


Our cold-heading process—supple- 
mented by secondary operations— 
imposes amazingly few limitations 
on the parts and fasteners we can 
make. Don’t forget that we are 
not limited to “stock” sizes. These 
illustrations show that Hassall—a 
specialty supplier —can show 
you substantial savings, better 
deliveries and technical assis- 
tance on your small parts and 
fasteners. 









Proof? Send us your specifico- 
tions or write for catalog. 


John Hassall, Inc., P. O. Box 
2225 Westbury, Long Island, 
New York, 
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CASE 
HISTORY 


36 


REQUIRED: 


Less costly manufacturing 
method for this small stain- 
less steel fluted Pin which 


cost $19.20 


per M as a 


screw machine product. 


HASSALL SOLUTION: 


Cold forming by Hassall ot 
@ cost of $2.95 per M gave 
the customer an 85 % cost 


CiSTORY 89 


reduction on this part, 
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NAILS, RIVETS, SCREWS 
AND OTHER COLD-HEADED 
FASTENERS AND SPECIALTIES 





insure con- 
formance with rigid operating specifica- 
tions. Phillips Control Corp., Subsidiary 
of Allied Paper Corp., Joliet, Il. 
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individually adjusted to 


FEED-THRU SWITCH 


Heavy-duty, small Snapit feed-thru 
switch features a built-in strain relief. 
Rated at 5 amp, 250 volts and 10 amp, 
125 volts, switch has also been designed 
to accept Nos. 16 and 18 type wires. 
The switches are available in brown, 





ivory and black and. upon special order, 
in pastel colors. Cable Electric Prod- 


ucts. Ine.. 234 Daboll St., Providence 


4iths @ 
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MINIATURE 
MAGNETIC CLUTCHES 
Miniature magnetic clutches are in- 


cluded in a recently introduced Stand- 
ard Electromechanical Breadboard 
Parts line. The clutches are designed 
for electrical control of rotary mechani- 
cal functions, such as the remote setting 
or adjusting of potentiometers, syn- 
chros and other rotating components. 








They also may be used as controlled 
loads or stops. 

Two lightweight, compact models 
have been produced. Model 583 which 
is only 114 in. in diam and 2™%e in. in 
length, has a maximum combined brak- 
ing and clutching torque of 8 oz-in. 
Designed for more rugged duty, Model 
543 is 134 in. in diam and 4% in. in 
length. It has a maximum combined 
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Design for 
fade-free service 
with Mallory 
Mercury Batteries 


One of the most unusual characteristics of unique 
Mallory Mercury Batteries is that they stay at 
constant output throughout their long life . . . instead 
of gradually losing power like conventional batteries. 


This characteristic is especially important in tran- 
sistor circuits, which require a constant energy source. 
In instrument circuits and bias cell applications, 
the constant voltage output of Mallory Mercury 
Batteries protects accuracy and serves as a reliable 
secondary voltage standard. 


Pioneered and refined by Mallory during many 
years of leadership in battery progress, the mercury 
battery has made available to designers a portable 
energy source with qualities never before approached. 
Its high energy in small volume permits miniaturizing 


Ports distributors in all major cities stock Mallory 
standard components for your convenience. 


Serving Industry with These Products: 


RM-412R 


equipment to new standards of compact size . . . for 
portable radios, portable instruments, military elec- 
tronic equipment. Its extremely long life . . . several 
times that of conventional batteries . . . multiplies 
reliability of equipment, reduces frequency of battery 
changes, increases consumer acceptance. Its ability 
to withstand high temperature and humidity extends 
the field of application of self-powered equipment. 
And its low cost per hour of service makes new 
battery-operated products economically attractive. 


Write to Mallory today for technical data on the 
complete line of voltage and milliampere-hour ratings 
available, and for a consultation with a Mallory 
battery specialist. 


Expect more...get more from 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Copacitors * Mercury and Zinc-Carbon Batteries 
Metallurgical — Contacts * Special Metals * Welding Materials oe . 
MALLORY & CO. Inc INDIANAPOLIS 6 NDIANA 
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| braking and clutching torque of 35 oz- 
in. 
| Both clutches are the solenoid-op- 
| erated, dry-disk type requiring no slip 
| rings. Backlash is eliminated. They are 
| fixed-coil clutches designed for high 
cycling rates and operation at 24 and 
48 volts. Positioning does not affect 
their operation. A 48-pitch, 1444 deg 
pases angle, stainless steel input 
‘gear is furnished with each clutch. 
| Helipot Corp., Newport Beach, Calif. 
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SERVO ACTUATOR 


Designed for airborne equipment, the 
|D-9 permanent magnet type rotary 
servo actuator js capable of continuous 
operation at an output rating of 70 
j}in.-lb at 8.5 rpm. 

| Theoretical acceleration at stall is 
40.000 radian/sec?. Dynamic motor 
braking is incorporated. Unit has a 



























SPECIFY G@MPHENDD) RELIABLE 
Cllacvatiwre AN-TYPE CONNECTORS 


Because AMPHENOL’s miniature AN-type connectors 
are the first (and presently only) reliable substitute 
for standard-size ANs, they are being widely used in 
miniaturization projects. Averaging 4% to 4 the size 
and weight of MIL-C-5015B types, miniature AN- 
types by AMPHENOL have been installed in all kinds 
of airborne electronic equipment, in missiles, in com- 






|weight of 1.9 lb. Diameter is 3%6 in. 
Overall length: 4‘s in. including the 







puter projects and in miniature instrumentation de- AN connector. 
vices. | The unit which features limit and 
| centering switches and a potentiometer 


Insert Arrangement 


Current Rating 
Contacts 





Volting Rating | for feedback of position information, is 
RMS at Sea Level | said to meet applicable military speci- 
| fications including MIL-E-5272A and 
MIL-I-6181B. White-Rodgers Co., 4407 
| Cook St., St. Louis 13, Mo. 
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Connectors are available as plug and panel receptacles 







and in plug and cable receptacle potting construc- GLASS-INSULATING TAPE 

tions. Alternate insert positions are available for gang | Culmination of a two-year research pro- 
mounting. Expendable dust caps may be ordered for |gram is the development of a glass- 
any connector in the series. Shells are aluminum with | insulating tape offering the varied func- 


| tional characteristics required in elec- 
trical equipment. Strength and dura- 
bility of Hesgon, the new tape, results 
Bis. ihe-sn's nee Send for Catalog Sheet partly from a special sizing application. 
| The tape incorporates a basic change in 
construction which, in combination with 
this sizing, results in a smoother tapé 


AMPHENOL ELECTRONICS CORPORATION | surface and more even distribution of 
chicago 50, illinois 


neutral color chromium finish; dielectric is dially]l 
phthalate; contacts are gold-over-silver plated. 
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DRIVER-HARRIS ALLOYS 
‘| 


i 
im 


AT WORK IN PRODUCT ADVANCEMENT 


W TO BE SURE 
VOLT IS A VOLT... 


The Weston Standard Cell 
Comparator Model 1000, made by 
Weston Electrical Instrument Corp.,* 
Newark, N. J., with associated 
milliameters, dry cells, 

main galvanometer, and auxiliary 


Tes H-shaped object, the saturated or “‘normal” form 

of the Weston Standard Cell, is the standard reference 
for electrical measurements. It is essentially a mercury 
cadmium wet cell hermetically sealed in glass. When kept 
at 20 degrees C., it maintains its voltage of 1.018636 volts 
for years. A bank of these cells at the Bureau of Standards 
in Washington, kept under oil at a constant temperature, 
is the basic electrical standard of the United States. This, 
however, is not the cell used by scientists and engineers 
in their daily work. Since the normal cell must be main- 
tained at a constant temperature for accurate results, the 
unsaturated or “‘working’’ cell, which is portable and is 
not materially affected by temperature, is ordinarily used. 

These working cells must be periodically checked 
against a bank of normal cells through the use of a com- 
parator system. In the past only a few comparators ex- 
isted outside the Bureau of Standards. However, the 
Weston Electrical Instrument Corporation has produced 
a simplified Standard Cell Comparator which provides 
the user of working cells, in conjunction with his own 
bank of temperature controlled normal cells, with an 
accurate means of standardizing these right in his own 
plant ... at a great saving in time, cost and convenience. 


THE WESTON COMPARATOR 
The Weston Standard Cell Comparator is a specialized 


i? 


y: Drwer-Harris HARRISON 


standard cell. 


potentiometer wherein the voltage of a working cell under 
test is opposed to that of a normal cell to produce a 
voltage difference which, when added algebraically to the 
normal cell voltage, indicates directly the voltage of the 
cell under test. With a known normal cell voltage as a 
reference, the Comparator will measure to well within 5 
microvolts the open circuit voltage of any cell in good 
condition. 

With an instrument calibrated to such excellent accu- 
racy as this one, it is worthy of note that Weston uses 
Driver-Harris Manganin wire for critical resistance net- 
works in its system. Says Weston: ““The success of the 
entire circuit, given accuracy of adjustment, depends upon 
the permanency of the Manganin, and upon its extremely 
low temperature coefficient of resistance and its low 
thermal emf to copper’’. 


Your work may or may not need the extreme degree of 
accuracy that is a prerequisite here. Either way, Driver- 
Harris has an alloy that can reliably fill your needs. 
Manganin is only one of 112 special purpose alloys, pro- 
duced by Driver-Harris. And each of these was originally 
custom-made. . . produced exactly to the specifications 
of someone who needed it. Put your specifications in our 
hands. You will gain the benefits of the 57 years of ex- 
perience which has developed the largest variety of alloys 
ever made by any one company. 


NEW JERSEY 


COMPANY 


BRANCHES: Chicago, Detroit, Cleveland, Louisville, Los Angeles, San Francisco + In C 


n Canad he B. GREENING WIRE COMPANY, Ltd., Ha 


MAKERS OF THE MOST COMPLETE LINE OF ELECTRIC HEATING, RESISTANCE, AND ELECTRONIC ALLOYS IN THE WORLD 
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milton, Ontari 


SPECIAL 
WIRE SHAPES 


Cut Costs... 
Improve Product Performance 


Alloy Special Wire Shapes reduce costly machining 
time and cut metal waste. No need to start with 
round wire and machine half of it away to get the 
shape you want. We can supply you with Stainless 
Steel and Nickel Alloy wire in just about any special 


shape you may require. 


Drawn Alloy Wire Shapes provide other advan- 
tages in addition to reduced costs. Product quality 
and performance are also improved. The drawn 
wire insures uniformity of cross-section and a smooth, 


flaw-free surface. 


Send today for information on Alloy Special Wire 
Shapes — and for our Nickel 
Alloy and Stainless Steel Prop- 


erties Charts... 


Write to Alloy Metal 
Wire Division, H. K. Porter 
Company, Inc., Prospect Park, Pa. 


ALLOY METAL WIRE DIVISION 
H. K. PORTER COMPANY, INC. 





the glass fiber throughout the width and 
length of fabric. 

This makes possible a more uniform 
application of varnish on a coil or for 
any similar uses. 

Then new Hesgon series is available 
in most widths and thicknesses up to 
10 mil and in two qualities, “A” for 
medium weave requirements and “B” 
where a tight weave is required. Appli- 


| cations include wrappings for field coils; 


armature coils and stator coils in d-c 
motors and generators and in a-c induc- 
tion motors; synchronous motors and 
generators. Hess, Goldsmith & Co., 
Member, Burlington Industries, 1400 
Broadway, New York City. 
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MINIATURE INDICATOR 
DISPLAYS TWO FUNCTIONS 


Electrical indicating instrument devel- 
oped for aircraft use features a dual 
display in a case only 1%2 in. in diam x 
2 in. long. The indicator has application 
wherever two functions must be clearly 
displayed in minimum space, in an en- 
vironment of high shock and vibration. 
Mounting is accomplished by AN 5808 
type clamps. 

In designing the stable, durable two- 
element instrument, use is made of the 


inherently rugged Marion MEP-2D co- 
axial mechanisms. Instrument is said to 
meet MIL-E-5272A Procedure I require- 
ments for both vibration and shock, and 
possesses a true glass-to-metal hermetic 
seal. 

Model HCM 114 is available in 
all ranges normal to d-c moving coil 
instruments; operating temperature 
range, —55 to 85 C; weight, 4 oz; 
standard AN connector. Marion Elec- 
trical Instrument Co., Grenier Field, 


Manchester, N. H. 
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MOTOR-GEARTRAIN 
OPERATES DOWN TO —55 C 


Size 18 low-speed, high-torque motor- 
geartrain can be operated in tempera- 
tures as low as —55 C. Overall length 
is 2.8 in., output torque is 25 oz-in. at 
1.7 rpm min. unloaded. 

Type 5602-02 is rated for continuous 
duty at 115 volts 60 cycles. It utilizes 
a_ single-phase 


capacitor or 2-phase 
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If you’re in the market for precision synchros, it will pay you to make 
sure it’s the Bendix ‘“‘market”’ you’re in. There you'll get— 


FAST DELIVERY: Because of our heavy volume—as the country’s largest 
producer of synchros—we can offer immediate delivery of practically 
all synchro types. 

MINIMUM COST: Again, because of our heavy volume 


, we can fill even 
small-quantity synchro orders at production prices. 


ALL TYPES—PREMIUM PRECISION: \Ve make just about 
synchro you could want—all built to the exacting precision standards 
that long ago made Bendix the ‘“‘buy-word” for synchros. 


So, when you’re shopping for precision synchros to use as transmitters, 
receivers, control transformers, differentials, or resolvers . . 
corrosion-resistant and high-temperature models. . 
what we have to offer. 


. including 
. be sure to find out 


District Offices: Burbank, Calif.; Dayton, Ohio; Seattle, Wash. 
Export Sales & Service: Bendix International Division, 205 E. 42nd St., New York 17, N. Y. 


any type of 


SIZE 8 
CORROSION- 
RESISTANT 


¥ SYNCHROS 


Outstanding electrical 
characteristics. 


¥ MOTOR GENERATORS 


Smallest on market. Linearity 
V2 of 1% to 3000 rpm. 


¥ LOW-INERTIA a 
SERVO MOTORS fea ol r 


High torque-to-inertia ratio. 


Eclipse-Pioneer Division ay 


TETERBORO, N. J. 
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STEEL 


servo motor with an operating temper- 
| ature range from --55 C to 97 C. 
Single-phase no-load current is 0.065 


amp max; no-load input power, 7.5 
watts max. Two-phase no-load current 


* is 0.045 amp per phase. Available with 
flange or other mounting types and 
with brake if desired, the unit is de- 


signed for applications requiring high 
torque, low speed and wide-tempera- 


es kok ture range combined with smaller size. 
John Oster Manufacturing Co., Avionic 
Div., Racine, Wis. 
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. *KKK 
High Performance AIRCRAFT CONTROL SWITCH 


Feature of switch with adjustable ac- 
tuator is that the actuator arm can be 
adjusted infinitely through an arc of 14 
deg and can be altered upon or after 


n 2 installation to meet specific require- 
7 Small: die ments. Single handed adjustment is 


made by rotating adjusting screw to 


** How Wide  - arn 


the desired setting which permits a 
constant check of the operation with 
the other hand. Fixed actuator position 
is maintained permanently by a lock 
nut at the rear of the actuator. 

The adjustable roller arm actuator 
is excellent for direct, cam or slide 
operation. Type HI-43 switch provides 

| for standard three-hole mounting and 
us about your application is a direct replacement for MS 25040 
switches. The true hermetic seal gives 
positive switch protection against dirt, 

& dust, oil and other foreign elements. 
F- FANSTEEL METALLURGICAL CORPORATION The complete switch mechanism, 
eee Teen eT et | sealed in an inert gas, is unaffected by 
altitude changes, moisture and tempe- 
ee ee eee eee eee ee ee = eture cycling. The tipping action of the 


actuator assures positive electrical con- 
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trol even when the switch is ice-coated. 
Electro-Snap Switch & Mfg. Co., 4218 
West Lake St., Chicago 24, Ill. 
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DOUBLE STRAND ROLLER 
CHAIN SPROCKETS 


Double strand roller chain sprockets 
that require no reboring or other machi- 
ning for installation on shafts incorpo- 
rate Taper-Lock manufacturer’s prin- 
ciple. This principle enables users to 
take sprockets, together with bushings 
of the desired shaft size, and mount 
them quickly and securely without re- 
boring. key-seating or set-screw ma- 


chining. This provides the equivalent of | 


a shrunk on fit, regardless of whether 
the shaft is turned and ground or cold 
rolled, standard or normally undersized. 

Available in pitch sizes ranging from 
1% to 1 in., the new double strand 
sprockets are designed to be used with 
maker’s double strand chain or any 
other standard precision chain conform- 
ing to American Standards specifica- 
tions. 

Economy feature is that the Taper- 
Lock bushing can be used again; if the 
sprocket becomes worn, only the tooth 
part need be replaced. The sprocket 
occupies no more space on the shaft 
than other sprockets; flush design con- 
tributes to safety. 

Hardened steel teeth are standard in 
sprockets up to and including the 21- 
tooth size. Dodge Manufacturing Corp., 
Mishawaka, Ind. 
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FLUXLESS ALUMINUM 
SOLDERS 


Several zinc-base solders containing 
varying amounts of lead are available 
in several temperature ranges for flux- 
less soldering or welding of aluminum. 
The Chemalloy metal mixes are in- 
tended to eliminate the need for use of 
corrosive forms of fluxes, generally con- 
taining chlorides and fluorides normally 
required for the removal of tenacious 
oxide films. Zine is known for its ready 
READER INQUIRY SERVICE 
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Series 100 
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NOW AVAILABL 


FANSTEEL 


1 mfd at 35 volts 
5 mfd at 35 volts 


20 mfd at 35 volts 


(Write for bulletin 6.112) 


METALLURGICAL CORPORATION 


North Chicago, Illinois, U.S.A. 


TANTALUM CAPACITORS 
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Only 5 basic parts, which 
can be completely disassembled and 
reassembled in minutes with only a screw 
driver as your complete tool kit. 


“his Zuality of Simplicity means... 


Longest, Trouble-Free Operation 


An absolute minimum of wearing parts. Simple, rugged construction. 

1 Sound design, with more than ample mechanical and electrical safety 
factors. Exclusive ball bearing solenoid linkage reduces wear — assures 
long, trouble-free operation. 


















































Simplest to Adjust and Maintain — 

The only brake with external, visual wear indicators. Adjustment is seldom 
2 required, due to superior friction lining materials selected for long wear 

and resistance to heat. When indicated, however, torque and wear adjust- 

ments can be made in seconds with a screw driver as your complete tool 

kit. Installation is fast, and simple. Complete brake can be disassembled 

in minutes without special tools. 






































Fast Stop — Quick Release 

Brake is spring-set, solenoid-released without delay or drag. Sets auto- 
3 matically in event of power failure. Can also be manually released, return- 

ing to normal operation automatically. 








An Enclosure — A Mounting — A Size for Every Need 

Explosion-proof, dust and waterproof, or standard enclosure. Vertical or 
4 horizontal, motor frame or floor mounting. Over 150 standard sizes and 
types to fit NEMA motor frames from 1/20 to 100 hp size range. Stub 
or thru-shaft design. Any AC voltage or DC shunt or series windings. 
Torque range from 6 lb in. to 7,500 lb ft. 13 













formerly If you're interested in cutting 
waste time—stepping up pro 
STEARNS bp a 


duction cycles, call your local 
MAGNETIC Stearns representative for com- 


ELECTRIC INC. plete magnetic brake data. Or 


write Stearns direct for free 


CORPORATION Brake Portfolio E 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN | 



















































188 





weldability with aluminum; other met- 
als are introduced to decrease the melt- 
ing point of the mix. The first blend de- 
veloped with a melting point of 800 F is 
comprised of the following metal per- 
centages: 85 zinc, 5 copper, 8 alumi- 
num and 2 lead and tin. The second 
blend developed has a melting point of 
600 F and has this composition: 87 zinc, 
5 aluminum, 5 lead, and 3 tin. The lat- 
est blend, which melts at 500 F, con- 
tains 90 zinc, 7 lead and 3 tin. Hereto- 
fore the problem has been to blend zinc 
and lead, which are normally incom- 
patible. This has been accomplished by 
introducing muriatic acid in paste form 
and controlling the normally explosive 
reaction while the metal constituents 
are melted. The acid carrier is removed 
as scum and the residue of acid is said 
to vaporize, leaving a non-corrosive 
alloy. In crushed, granular form, the 
individual alloy grains exhibit either 
positive or negative charges, but the 
whole mix is claimed to be electrically 
neutral. Chemalloy solders come in cast 
rod form and are applied by rubbing 
against a heated aluminum surface. 

Under applied heat, the solder 
spreads thinly by capillary attraction 
and is said thus to penetrate the oxide 
film always present. The metal to be 
joined does not have to be specially 
cleaned, mechanically or chemically. 
Heat is applied by gas torches. Chem- 
alloy as deposited is also said to have 
low friction properties. Chemalloy Elec- 
tronics Corporation, Gillespie Airport, 
Santee, Calif. 


Circle No. 53, Reader Inquiry Service Cards 
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SELF-SEALING, NON- 
LOOSENING BOLTS 


Self-sealing bolts are useful for high 
pressure sealing and for applications 
requiring resistance to heavy vibration. 
Designated SEELBOLTS, they are sup- 
plied as one-piece, preassembled units 
requiring no assembly by the user. They 














APM SEELBOLT 







RUBBER “O" RING 
ASSEMBLED AT FACTORY 





employ an O-ring of silicone rubber or 
neoprene, which is firmly held in a 
groove under the bolt head. When tight- 
ened, the O-ring is compressed to form 
a positive seal. Silicone rubber rings 
are used for extreme high or low tem- 
perature applications, neoprene for 
chemical resistance. After assembly, the 
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Variable-resistor trouble caused by fail- 
ure of spring to resist corrosion and heat. 
Or by failure to permit sound weld on 
collar. Sorveon With Inconet* NIcKet- 
Curomium A Loy, Resistor shown is used 
in power field, also in welding equipment. 
Sliding Inconel spring clip, silver contact 
rivet, assure corrosion resistance, weldabil- 
ity, and constant pressure. Despite 570°F 
temperatures at times, Inconel spring takes 
overloads. Replaced plated-steel springs. 
Used last 5 years by International Resis- 
tance Co., Philadelphia, Pa. 


Sticking, fouling, commutation trouble 
on conductive actuating contact springs. En- 
countered in miniature thermostats. SOLVED 
With Dura-NickeLt* AGeE-HARDENABLE 
Nicke Strip. Constant elasticity gives true 
snap action. In %%” x 15/16” unit shown, 
temperature control is held to within 2°F 
up to 350°F. No drift, no sticking, no fouling 
in this “Val 90” miniature thermostat. Re- 
sists fatigue and relaxation. Made by Valverde 
Laboratories, 252 Lafayette St., New York 


12, N.Y. 


Electrical-resistance trouble from oxide on 
terminal lug of rheostat. A problem when 
contact brush is moved from resistance wire 
to terminal lug very infrequently. Soivep 
With Mone * Nicket-Copper ALLoy. Monel 
lug allows excellent electrical contact. Used 
on rheostats for 22 years by Ohmite Manu- 
facturing Co., 3601 Howard St., Skokie, 
Illinois. 


Liquid-corrosion trouble due to attacks by 
chemicals, brine and the like. On sheathing 
of strip heaters, for example. Sorven WitH 
Monet* Nicket-Coprer Attoy. This Monel 
sheath resists deterioration from heat as 
well as corrosives, yet permits delivery of 
heat up to 750°F. Unit shown is product of 
Waage Electric, Inc., Kenilworth, N. J. 


Vibration and heat trouble often pose 
problems to designers of electrical con- 
nectors used, for example, continuously 
at 800°F in aireraft. Sorveo With “R”* 
Monet Free-Macuininc Nickei-Coprer 
Attoy ... Or Cast Monet. Units fabri- 
cated from these nickel-copper alloys 
never rust or freeze together. Show no 
carbide precipitation at 800°F. Permit 
quick make-break connection of watertight, 
gas-tight joint such as above “Hot Zone” 
Electrical Connector that defies vibration. 
Produced by American Phenolic Corp., 
1830 South 54th Ave., Chicago 50, Ill. 


rouble-spots... 


removed by designers using Inco Nickel Alloys 


Take no chances. Use components that will back up your 


designs. 


ability and machinability. 


Inco’s research staff can recommend the right alloy for 


Those illustrated give trouble-free performance, thanks 
to vital parts made from Inco Nickel Alloys. 

Component manufacturers use Inco Nickel Alloys where 
parts require combinations of properties. High mechanical 
properties, specific electrical properties, corrosion resis- 
tance, resistance to high or low temperatures, good work- 


your trouble. So whenever you have a component problem, 
check with us. 


*Registered Trademark 


The INTERNATIONAL NICKEL COMPANY, Inc. 


67 Wall Street IN New York 5, N. Y. 
INCO 
ean 


TRADE MAGE 





(TRADE 


‘Diamond H’ Power Relays 
High Capacity 
A.C. or D.C. Midgets 


Designed for rugged service in appliances, automation and 
air conditioning equipment, solenoid, motor starting or heater 
circuits, battery chargers, clock controlled systems and similar 
applications, “Diamond H” Series W relays measure only 1/2” 
x 1%” x 1%” (excluding spade terminals) but carry resistive 
loads up to 30 amperes at 115-230 V., A. C 


Contact type is 2 Form Z (double pole, 
double break, double make.) Six, 12, 24, 110 
and 220 volt coils are standard but special 
coil windings may also be provided. Dielec- 
tric strength exceeds 1750 V., RMS. Induc- 
tive and motor ratings can be furnished on 
request. ® 

Vibration resistance ranges from 10 to 55 cps with 6” 
total excursion. Side, panel and socket mounting arrangements 
are standard but specials may also be procured. 

“Diamond H” engineers are prepared to work out varia- 
tions of Series W relays to meet your specific requirements. 


THE HART MANUFACTURING COMPANY 


211 Bartholomew Avenue, Hartford, Conn. 


iF) YOU 4 PRODUCT 


NL Lt 


, PLUG? 


a 


Ax SALES of YOUR product limited to ‘House current?" 
Must your market be restricted to an ‘electrical outlet?" 
Not necessarily! 


Thousands of electrically operated devices CAN be used 
miles awey from a power line. By means of Carter Con- 
verters or Dynamotors, a storage battery becomes a 
portable source power anywhere. This means YOU CAN 
EXTEND THE MARKET FOR YOUR PRODUCT. 


Carter Converters or Dynamotors can be offered as an 
accessory . . . or engineered as a component part. Our 
engineering department will give you complete assistance. 
No obligation. Address your inquiry to Ray Simon, Chief 
Engineer, Carter Motor Co... 2708 W. George St., Chicago. 


Carter Motor Co., 2708 W. George St., Chicago 18 
Attn.: Ray Simon, Chief Engineer 


rr 


_] Attached is information on our products, please tell us 
how they can be adapted to wider markets by means 
of Carter Dynamotors. 


() Please send sales literature and price list. 


Name 


Firm___ 





Address__ 


| 
| 
j 


| 


appearance of Seelbolts are identical 
with conventional bolts. The new bolts, 
which conform to the dimensions and 
materials of AN bolts, are furnished 
with standard hexagonal heads in a 
range of sizes from 10-32 up to 14-20. 
Bolts can be supplied in steel, brass, 
corrosion-resistant steel or aluminum, 
and can be plated in any desired finish. 
Automatic & Precision Mfg. Co., 252 
Hawthorn Ave., Yonkers, N. Y. 
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SUBMINIATURE HIGH- 
DIELECTRIC CAPACITORS 


Subminiature series of high-dielectric 
constant Cera-mite capacitors has been 
standardized for mass production. In- 
tended for transistor radios and similar 
applications, they are rated at 50 
volts d-c. They have been tooled for 
volume production in standard capac- 
itances of 0.005, 0.01, 0.025, 0.05, 
and 0.1 mf. Sprague Electric Co., 


North Adams, Mass. 


Circle No. 55, Reader Inquiry Service Cards 
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APPLIANCE THERMOSTATS 


Included in a new series of Diamond H 
thermostats for range oven, industrial 
and air conditioning applications are a 
wide range of models, simple in design 
and rugged in construction. 

Oven thermostats have UL-approved 
ratings of 25 amp, 120-240 amp a-c 
only, and a standard temperature range 


of 200 to 500 deg with other ranges 
available to meet special requirements. 
They include two and three position 
units, as well as single dial units both 
with or without automatic preheat oper- 
ation. Some models are equipped with 


JANUARY 1957 ELECTRICAL MANS&SFACTURING 





Required: 
12,000 rpm... 
and only a 


Filmer 
“Timing” 
Belt drive 


met the need... 


with lightness 


and compactness 


UILT TO serve as a lightweight, foolproof source of emer- 
B gency or auxiliary electric power, this new Lear Portable 
Electric Generator is a miracle of efficiency. Helping to make 
that miracle possible is the Gilmer “Timing®” Belt drive 
which Lear chose for the vital job of transmitting the power 
of the 3 hp. gasoline engine to the high-speed alternator. 

This bantam power supply, occupying only 1 cubic feet 
and weighing as little as 35 pounds, produces up to 1500 
watts AC or 1350 watts DC. To achieve such efficiency the 
alternator is designed to operate at approximately three 
times the engine’s 4000 rpm speed, or nearly 12,000 rpm! 
This means that the belt must travel at almost a mile a 
minute, even though very small-diameter pulleys are used. 

For such an application no other type of drive of equal ca- 
pacity can match the “Timing” Belt’s lightness of weight, 
compactness, and ability to transmit full power at such high 
speed without slippage, without lubrication and without 
take-up or other maintenance! Lear’s own literature points 
up these additional facts: 


*Positive tooth grip replaces friction grip, eliminates 
need for initial belt tension, lightens bearing loads. 


SING C~, 
3 ¥ 
@ 


Wisk 


x 


NYB&P INDUSTRIAL RUBBER PRODUCTS 


“Selected for its high efficiency, the flat tooth-belt drive as- 
sures a long, dependable operating life for both engine and 


alternator due to reduced 
radial bearing loads which 
this particular drive allows*. 
The belt is steel-cable-rein- 
forced and will give long life 
and trouble-free service.” 
Your local NYB&P- 
Gilmer Distributor stocks 
standard “Timing” Belts 
and pulleys and will gladly 
help in obtaining special 
sizes you may require for 
original equipment. Consult 
your classified telephone di- 
rectory for his name. 


larger 3500-watt Lear unit em- 
ploys a compact 2”-wide Gilmer 
“Timing” Belt drive. 


V-BELTS AND ‘‘TIMING®”’ BELTS 


CY 


NEW YORK BELTING & PACKING CO. 1 market st. Passaic, W1 


America’s Oldest Manufacturer of Industrial Rubber Products 
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MAMCO MOTORS.. 


YOUR PRODUCT... 


QUALITY 
AT 
LOW 
COST 


Mamco’s staff of top-flight engineers can 
design fractional horsepower motors specifically for YOUR 
product .. . and Mamco’s highly efficient production organi- 
zation can produce those motors with the skill and guaranteed 
quality that comes with more than twenty years’ experience 
in this field. 

No need for you to be satisfied with standard line produc- 
tion motors that don’t quite fit your product. All Mamco 
motors are custom built for the hundreds of applications on 
which they are used. 

Mamco’s outstanding combination of engineering, quality 
control and skilled mass production facilities bring you motors 
... the way you want them, when you want them... 

at low cost! 


PLASTURBO* 


Blower Wheels BLOWER ASSEMBLIES 


The most sensational new develop- 
ment in blower wheels on the market 
today. Molded nylon with machined 
aluminum hub integral. 40% lighter, 
20% more efficient. Send details of 
your requirements. 

*Registered TM Patented 


Mamco blower assemblies are 
made in many sizes. All assem- 
blies employ PLASTURBO blower 
wheels. Call or write today . . . 


MASTER APPLIANCE MFG. CO. C@Q¥ 


RACINE 2, WISCONSIN 


CUSTOM BUILT FOR 





terminal clips for direct connection of 
neon pilot lights to the thermostat; 
others may be equipped with auxiliary 
terminals for connection to remote pilot 
lights. 

Industrial models are designed for 
such applications as laboratory equip- 
ment, platens, steam tables, oil baths, 
grease kettles, coffee urns, blue print 
machines and many others. The units 
are designated Series 270. The Hart 
Manufacturing Co., 110 Bartholomew 
Ave., Hartford, Conn. 


Circle No. 56, Reader Inquiry Service Cards 
preceding back cover 


COMPACT RELAY FOR LOW 
POWER, HIGH SENSITIVITY 
NEEDS 


Designed expressly for applications 
permitting only minimum size but re- 
quiring maximum sensitivity, long life, 
and low power consumption; Type 4-C 
relay uses maker’s standard Phillips 
Type 4 contact spring assembly; varia- 
tions in contact arrangements and con- 
tact materials are available. 

Choice of Type 4 coils are available 
including single or double wound, time 


delay slugs, and special windings for 
high temperature and/or high humidity. 

Armature of the Type 4-C is fixed to 
a precision ground stainless steel pin, 
which turns in a reamed-bronze yoke 
extending the full width of the relay. 
The armature backstop is stainless steel 
for maximum strength and rigidity. 
Phillips Control Corp., Subsidiary of 
Allied Paper Corp., Joliet, Ill. 


Circle No. 57, Reader Inquiry Service Cards 
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ADHESIVES PERMIT ONE- 
COAT BONDING OF UNCURED 
ELASTOMER TO METAL 


Intensive research into the basic prin- 
ciples of adhesion has resulted in devel- 
opment of Chemlok 220 and 201 for 
rubber-to-metal bonding. 

Main advantage of 220 is its versa- 
tility in the permanent bonding of 
uncured natural and synthetic rubbers 
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Y Here are paper applications 
Mosinee helped develop for three industries — 
Good tip: they may suggest new uses for you! 


PRODUCTION 


Flame-resistant paper by Mosinee 
makes good insulation better — safer. 
In this case, Mosinee flame-resistant paper is 
produced for the manufacture of home insula- 
tion bats. This exclusive Mosinee process may 
also be used with many types of paper for 
other products and may suggest a solution to 
your problem. 


Mosinee interleaving papers 
protect mirror-finish stainless 
steel. The presence of any foreign ma- 
terials or surface imperfections would 
mar or scratch the metal’s highly pol- 
ished surface. Mosinee, through highly 
developed chemical and quality con- 
trols, produces these special papers with 
the required uniform properties, 


Special Mosinee masking papers 
increase auto painting efficiency, 
reduce costs. These papers must have 
specific, controlled physical properties 
including high density and absolute free- 
dom from pin holes to prevent paint 
penetration. Mosinee ‘know how” 
helped develop papers for this special 


application. 


HESE applications are typical of the many instances in which 
Mosinee paper experts have cooperated with industry to de- 
velop special analysis papers to perform specific jobs. If your work 
involves costly or troublesome packaging .. . protection . . . in- 
sulation ... lamination . . . fabricating . . . or processing — a 
specialized Mosinee paper may provide the answer you've been 
looking for. 
For details on how to do the job better with papers by Mosinee, 
see your representative, or write — 


MOSINEE PAPER MILLS COMPANY 
DEPT. EM ® MOSINEE, WISCONSIN 


fle 


— specialist in industrial paper technology — 
makes fibres work for industry 
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to metal with a one-coat application. 
One coat is said to produce a bond of 
greater strength than that obtained 
with conventional two-coat adhesives 
with comparable environmental resist- 
ance. Superior bond resistance to ad- 
verse conditions, such as wide temper- 
ature variations, hot and cold water. 
salt spray, chemicals, solvents and 
corrosive atmospheres is obtained by 
using 201 as a primer with 220. 
Chemlok adhesives will bond natural 
rubber, GRS, neoprene, Buna N, and 
butyl to carbon or alloy steel, stainless 
steel, aluminum alloys, magnesium 
alloys, copper, brass, die-casting alloys, 
plated metals and rigid plastics. 
Chemlok may be applied to metal 
parts at room temperature. Shelf life 
of Chemlok 220 and 201 is said to be 
at least one year. Lord Manufacturing 
Co., 1635 West 12th St., Erie, Pa. 


Circle No. 58, Reader Inquiry Service Cards 
preceding back cover 


LETTERING-SLOT-GUIDE 
TEMPLATE 


Convenient Lettering-Slot-Guide Tem- 
plate, made of 0.060 in. thick acrylic 
material, is durable, shatter-proof and 
transparent. Useful for quick lettering 
and numbering, the template is cut in 
five guide slots in the popularly needed 


af 
' 
i 
i 
: 


sizes of Y in., 46 in., 4 in., 3¢ in., and 

14 in. Five circles in these same sizes 

have also been incorporated. In addi- 

tion, the top of the template is a 6 in. 

only now attempting to prox 1c ruler in 16ths and the bottom of a 6 in. 
it | eg ‘ ruler in millimeters. Overall dimen- 
i a sions: 4% in. x 634 in. Alvin and Co., 
Windsor, Conn. 
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MULTIPOLE STACKED 
SWITCHES 


New system of precision stacking Class 

1 TyniSwitches makes it possible to 

obtain a single actuator switch capable 

of switching two or more completely 

e independent circuits. Each individual 

eK » a switch action can be double throw, 

KANTHAL single throw normally open or single 
a 4 Ce throw normally closed. ee 

(iz a In multipole Stacked TyniSwitches 

AU maximum pin movement from the first 
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DESIGNER'S FAVORITE 
SENSITIVE, VERY RESPONSIVE 


Thermoswitch” Is 
Rugged, Adaptable, 


Heat Controller 


ASHLAND, MASS. — Word ema- 
nating from here is that Fenwal In- 
corporated’s THERMOSWITCH units are 
usually the best solution for a design 
engineer with temperature-control 
problems. 

THERMOSWITCH thermal controls 
are adaptable, sensitive, responsive, 
small, tough, and accurate and 
their price is right. They frequently 
replace controllers costing much 
more, and do a better job. 

Their principle of operation is 
unique and highly competitive 
in terms of every quality most design 
engineers would require. The unique 
principle is this: the activating control 
element is a single-metal shell that ex- 
pands or contracts instantaneously with 
temperature changes, making or break- 
ing the totally-enclosed electrical con- 
tacts. 

Design engineers have put THERMO- 
SWITCH units to work everywhere that 
temperature control is vital in 
planes ... factories ... ships... hos- 
pitals . . . food-processing plants... 
homes . . . laboratories. The list of 
THERMOSWITCH applications is virtu- 
ally endless. So is the list of physical 
ordeals the units have survived and 
the high performance standards 
they’ve met. 

When tested alongside bulb-type 
and enclosed bi-metallic thermostats 
under identical conditions, THERMO- 
SWITCH units have overwhelmed both 
with performances like these: 

reaction speed, four to nine times 
as fast; 
heat-responsive area, three to six 
times as large; 
heat-transfer path, only one-third 
to one-sixth as long; 
temperature differential, only one- 
tenth to one-nineteenth as great; 
vibration-sensitivity, only one- 
twelfth to one-eighteenth as great; 
shock-sensitivity, only one-tenth 
to one-eighteenth as great; 


READER INQUIRY SERVICE CARDS, PRECEDING 


FENWAL THERMOSWITCH UNITS may solve your temperature control problems, too. Sensi- 


tive, tough, and accurate 


they have been put to work by designers wherever tempera- 


ture control is vital. Over 25,000 variations of the THERMOSWITCH unit are available. 


Write for THERMOSWITCH folder. 


Added to these points of superiority 
are such demonstrable features as uni- 
formity of sensitivity throughout the 
operating range, built-in temperature 
anticipation, enclosed tamper-proof 
assembly, direct radiant heat recep- 
tion, and an operating range from 
—100°F. to 600°F. 

Other ranges are available, too. 
The point at which a unit makes or 
breaks a circuit is determined by a set 
screw easily adjusted in the field. 

There’s a Fenwal sales engineer 
ready to help you apply THERMO- 


BACK COVER 


SWITCH units to your particular heat 
control problems — ready with over 
25,000 variations. Write Fenwal for 
his name and for complete specifica- 
tions. Fenwal Incorporated, 11 Pleasant 
Street, Ashland, Mass. 


CONTROLS TEMPERATURE 
..- PRECISELY 





announces 
an unusually precise 


SERVOMOTOR- 
TACHOMETER 
GENERATOR 


HIGHER 
AMBIENTS 


es | GREATER 
"+ RUGGEDNESS 


(Actual size) 


. ; hase 
FEATURES eins) 89, quadrature 


mv 
Zero speed Voltas 135 mv total 
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3600 rp™ mi 
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Output Gradien f hase Shift 
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Rugeed: one-piece 45° mation 


EASTERN AIR DEVICES. v0 


SOLVING SPECIAL PROBLEMS IS ROUTINE AT EAD 


SBS CENTRAL AVENUE © DOVER, NEW HAMPSHIRE 











contact actuation of all contacts is 
0.015 in. Double pole switches are con- 
sidered as standard and are available 
with any standard Class 1 actuator. 
Switches with three or more poles will 
be built to customer specifications. 

Type B switches are UL-listed at 15 
amp, 125 or 250 volts a-c, 4% hp; 125 
or 250 volts a-c. 

Type D switches are UL-listed at 10 
amp, 125 or 250 volts a-c. TyniSwitch 
Department, Detroit Controls Corp., 
800 Union Ave., Bridgeport, Conn. 
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SUBMINIATURE POTEN- 
TIOMETER TRIMMERS AVAIL- 
ABLE TO 150,000 OHMS 


Resistance range of Acetrim subminia- 
ture precision wire-wound potentio- 
meter trimmers has been increased to 
cover from 10 ohms to 150,000 ohms, 
with a standard linearity of + 3 per 
cent. Ultra compact, only 1% in. in size 


4“ 


and weighing 14 oz, the units have good 
resolution; high torque as required; 
ambient temperature range from —55 
to 125 C; and a power rating of 2 watts 
for 60 C rise. 

Case is one-piece precision machined 
aluminum. Precious-metal contacts are 
utilized. The units, which meet applica- 
ble portion of JAN-MIL specifications 
are antifungus treated and sealed 
against sand, dust or other foreign 
matter to avoid abrasive action between 
moving parts. Available in threaded 
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Four sizes of shielded coil forms cover a wide range of design were Dimensions when mounted, including 


terminals, are: LS- 12 (square type for printed circuits), 2” x 2” ; LS-9, 4s” diameter x %” high; LS-10, 54” x 1%_"; 


LS-11, !%6” x 42”. Each form mounts by a single stud. Madina: may be universal or wound to your wouelliceslens, 


Where shock treatment doesn’t work 


CTC miniaturized shielded coil forms Roberts and Associates, Inc., 5068 West 
are highly shock resistant. With me- Washington Blvd., Los Angeles 16, and 
chanically enclosed, completely shielded 61 Renato Court, Redwood City, Cal. 
coil windings, they bring all the rugged- 
ness and dependable performance you 
; , etys . ” . ies TYPE SPC phenolic and ceramic printed circuit 

> y - 
require for your tight spot applica coil forms can be soldered after mounting. Phen- 
tions IF strips, RF coils, oscillator olic forms: % ” high when mounted, in diameters of 
coils. etc. .219” and . 28: 5”. Ceramic forms: %” ” die ameter, in 


why ‘ ; . mounted heights of 5%” and 13, . with 1%)” 
CTC combines quality control with powdered iron core, and collars ot aecan fibre- 


quantity production to supply exactly £148. Ferme come with threaded slug and terminal 
the components you need, in any required. Available as forms alone or wound as 
amount. CTC quality control includes er 
material certification, checking each 
step of production, and each finished 
product. And CTC quantity production 
means CTC can fill your orders for any 
volume, from smallest to largest. 
For samples, specifications and prices, 


write to Sales Engineering Dept., CAMBRIDGE THERMIONIC CORPORATION 


Cambridge Thermionic Corporation, . 
a Sieh hee. Combelian Oh makers of guaranteed electronic components 


Mass. On the West Coast contact E. V. custom or standard 
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Variable 
SPEED 
PULLEYS 
‘ os 
SELECT- 
oO. 
SPEED 


TRANSMISSIONS 
Save You Money 


HERE'S WHY: 


@ ECONOMICAL IN COosT compared to 
other variable speed transmission 
equipment. Simple in design but 
rugged in construction to give you 
long dependable service. 


EASILY INSTALLED on new or old 
equipment. Just as easy to operate. 
Finger-tip adjustment gives the 
right speed instantly. 


MAINTENANCE IS NEGLIGIBLE. No 
complicated mechanisms to get out 
of order. All parts can be readily 
inspected. Belts can be quickly ad- 
justed or replaced. , 


Lovejoy Variable Speed Pulleys 


are available in a 
complete range of 
sizes from frac- 
tional to 15 hp., 
ratios to 3 to 1. 


Shown is a typical 
Lovejoy counter- 
shaft unit control- 
ling speed of auto- 
matic spring coiler. 


Lovejoy Select-O-Speed Transmissions 
can be supplied 
with hand wheel 
or lever control. 
Fractional to 5 hp., 
ratios to 10 to 1. 


This Lovejoy 

Select-O-Speed is 

used to control the 

speed of a printing 

press. 

For your variable speed application, 
there is a type and size Lovejoy unit 
that will give you initial economy, 
dependable performance and long 
service life. 


GET FULL DETAILS 
Now! 


Request Catalog 


4802 W.LAKE STREET + CHICAGO 44, ILLINOIS 
Mfrs. of Flexible Couplings, Variable Speed 
Pulleys and Transmissions, Motor Bases and 

Universal Joints. 


_——— a 


bushing, servo or flush mounting, or 
ganged units. Ace Electronics Associ- 
ates, 103 Dover St., Somerville 44, Mass. 
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STAND-OFF CAPACITOR 
WITH CERAMIC DIELECTRIC 


Stand-off capacitors with ceramic dielec- 
tric, Series X2122, are available in a 
group of values. They are generally RF 
bypass capacitors for use in electronic 
equipment. 

The incapsulating resin provides ex- 
cellent rigidity and durability under 
extreme conditions of shock, vibration 


and humidity. Design feature minimizes 
breakage of the dielectric ceramic due 
to flexing of the chassis and mounting 
surfaces. The X2122 capacitors mount 
by a single 6-32 threaded stud, 14 in. 
long. Overall height when mounted is 
less than 34 in. Mounting stud is %¢ in. 
hexagonal brass that has been gold- 
flashed. The 
gold-flashed brass. Cambridge Therm- 
ionic Corp., Cambridge, Mass. 


solder terminal is also 
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GEARLESS HIGH SPEED 
BOBBIN WINDER 


High-speed direct drive adjustable 
winding length bobbin winder elimi- 
nates gear changing between jobs. A 
time-saving pitch selector cuts job 
changeover time in half. An emergency 
safety stop button, conveniently located 
in front, stops machine instantly. Model 
312-AM winds all types of random 
wound bobbin, repeater, relay and 
space-wound coils, solenoids, resistors 
and distributed constant delay lines. 
Winding speed is up to 8000 rpm, 
winding range. 60 to 700 turns per 
inch, wire sizes wound, 27 to 46. Maxi- 











Under 
lone roof... 


DANO 


makes all these 
coils to exact 


specifications! 


e Encapsulated Coils | 


—in either Polyester| 


or Epoxy Resins | 
Coils for High Tem-|, 
Applica- | 

Bobbin| 

Coils e« Form) 
Wound Coils e 
Paper Section Coils) 

© Acetate Bobbin|| 
Coils ¢ Cotton In-) 


terweave Coils 


Analyze YOUR 

coil problems), 
carefully. If your} 
products require any) 
of these coils you'll 
do well if you “deal 
with Dano”, leader in 
electrical coil wind-|) 


ings to customer 





specification. 


Alse, TRANSFORMERS MADE-TO-ORDER 





A THE DANO ELECTRIC CO. 


93 MAIN ST., WINSTED, CONN. 
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TRADE MARK 


non-corrosive 

non-conductive 
vibration-resistant 

does not chip or craze porcelain 
available in any color 


% 
os 


. .An Easier Way 
to 


Speed Production 


... and cut assembly costs, too! Plasti-Grommets snap into 
a prepared hole at the touch of a finger . . . replace other 
costly retained threaded receptacles, tapped holes or retained 
nuts. Locked in place by a thread-cutting screw, Plasti- 
Grommets providea firm, durable, vibration-resistant fastener. 


Developed at the Fastex creative engineering labs, Plasti- 


Grommets are a typical example of the simplification possible 


in multi-part assembly operations. Fastex volume production 
of metal and plastic components—on specialized manufac- 
turing equipment—increases the economies gained through 
Fastex engineering ingenuity. These savings are being real- 


ized today in nearly every mass-production industry. 


send for informative brochure 
and free packet of these remark- 
able nylon blind screw recepta- 
cles ...actually test them...see 
how they can reduce your costs! 


DIVISIONS OF ILLINOIS TOOL WORKS 
195 Algonquin Road, Des Plaines, Illinois 
In Canada: Canada Illinois Tools Limited, Toronto, Ontario 





mum OD of coil wound, 2 in.; 
maximum traverse for any single con- 
tinuous winding 31% in., maximum 
loading area for multiple winding is 
81% in. 

Furnished are finger-tip resettable 
wire-guide carriage, self-adjusting re- 
: versing magnetic clutches, tension, 

x automatic pre-determining counter, pos- 
NICKELOID METALS OFFER 3 itive stopping magnetic brake, com- 
. pression type tailstock and custom-built 
NEW DESIGN FREEDOM clockwise rotational variable speed 14 
hp motor. Geo. Stevens Mfg. Co., Inc., 

Pulaski Road, Chicago 30, IIl. 


FOR LIG HTO LIER a 4 Circle No. 63, Reader inquiry Service Cards 





preceding back cover 


EXPERIMENTAL 
STAINLESS SPRINGS 


Available from stock is a complete line 
of experimental stainless steel springs 
in both open and closed wound types 
for development and research work. 
Springs can be obtained in five (5) 
outside diameters and five (5) wire 


sizes, ranging from O.D.’s of %2 to 3%, 
wire diameters of 0.016 to 0.040 and 
lengths of 114 in. to 4 in. Material: No. 
302 stainless spring temper wire. PIC 


a — orm i aS Saont Ave., ree oy a eae Design Corp., Div. of Benrus Watch 

“Your ekote-coated polishe rass gave us the freedom to design . 

units which would otherwise have been prohibitive in price.” Co., Inc., 477 Atlantic Ave., East Rock- 
away, L. I., N. Y. 


More Than a Metal-—It’s a Method Circle No. 64, Reader Inquiry Service Cards 


Whether your product is lighting, housewares, 
appliances, hardware specialties or stoves ... in the 
14 finish-to-base metal combinations of Nickeloid Pre- 
Finished Metals you will find the right design ma- 
coe to - = panne ee design theme. Nickel- 
oi etals offer new freedom in design, save produc- ae 
tion time, lower costs, reduce bene. i , ae ae a oe ee 

Plan your design around these versatile metals — Cee ae ene ey eters ae 
available in chrome, nickel, copper or brass finishes convenience to the reader in ob- 
on base metals of steel, zinc, copper, brass or alum- taining further information on— 
inum. Specify Nickeloid, the modern metal. 


New Components and Materials 
LCS ae ley 


SEE FOR YOURSELF semen 2006 Literature for the Design Engineer 


Send for free Sampler-Selector, con- 
taining 8 actual metal samples and 
specifications. 


American Nickeloid Co. 


PERU 3, ILLINOIS 


Feature Article Reprints 
Advertised Products 
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NO TRIMMING NECESSARY WITH BORG 
ABSOLUTE LINEARITY 900 SERIES MICROPOTS 


APPLIED VOLTAGE 


BORG ACHIEVES THE IDEAL... 
ABSOLUTE LINEARITY 


Borg offers the electronics industry a precision poten- 
tiometer with Absolute Linearity inherent in the pot 
itself. It requires no trimming of any kind! 


THE END OF UNCERTAINTY 


Embodied in Borg’s new 900 Series 10-turn and 3-turn 
Precision Potentiometers are exclusive advantages that 
provide this high degree of accuracy. You get from zero 
to 100% of applied voltage over exactly 3600° (or 1080°) 
of shaft rotation. 


This means no such parameters as electrical rotation 
tolerances, end resistance or jump-off resistance need be 
considered error in output. Many doors, formerly closed 
to electronic design engineers, are now opened by Borg 
Absolute Linearity. 


ORDINARY INDEPENDENT LINEARITY 


Note the line marked “Ordinary Independent” on the 
blackboard diagram. This line is unable to go to zero 
and 100% of applied voltage because of X and Y known 
as end resistances. Therefore, trimming is required to 


compensate for the potentiometer errors of end resistances 
X and Y. 


Now, note that the line marked “Absolute” goes through 
zero applied voltage output at zero shaft rotation and 
through 100% applied voltage output at 3600° of shaft 


ORDINARY 
INOE PENDENT 


rotation. This is the reference line for absolute linearity 
and is inherent in the Borg 900 Series potentiometer. 
Thus Borg achieves absolute linearity without trimming 
of any kind. 


SIMPLICITY ASSURES 
RELIABILITY AND ACCURACY 


Simplicity of the Borg 900 Series Micropot affords 
greater accuracy and reliability. It eliminates such pos- 
sible sources of error as trimming errors, unstable trim- 
ming, resistances, etc. Another Borg advantage simplifies 
assembly and reduces possibility of error. The Borg 
CCW mechanical stop is set up to provide a phasing 
point. This exclusive advantage reduces field replace- 
ment to the purely mechanical process of attaching leads 
and phasing from the present stop. 


ABSOLUTE LINEARITY REDUCES COST 


The accuracy and reliability of your equipment is im- 
proved with a Borg 900 Series potentiometer which also 
effects a savings in time and money. Your cost is lowered 
by eliminating trimming resistors and the technically 
trained labor competent to install them. 

Many other advantages of the Borg 900 Series can help 
solve your potentiometer problems as they are now doing 
in all types of equipment from jet engines to steel mills. 


Write for Complete Engineering Data e CATALOG BED-A56 


BORG EQUIPMENT DIVISION 


THE GEORGE W. BORG CORPORATION 


JANESVILLE, WISCONSIN 
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Laboratory 


CUSTOM BUILT TRANSFORMERS LDN 
for Engineering 


LONG LIFE and HIGH EFFICIENCY 


Equipment 


DIGITAL MULTIMETER 


Volts and ohms can be measured with 
+ 5 per cent absolute accuracy (0.1 
per cent accuracy when using external 
standards with new digital multimeter 
developed to fill need for precision 
measuring equipment in portable form. 
Designed for a broad range of ap- 
plications, including industrial, labora- 
tory, and service work, this portable 
digital VTVM measures positive or 
negative voltages from 0.01 to 1000 
volts a-c or d-c, and resistances from 
10 ohms to 10 megohms. On a-c meas- 
urements the unit measures up to 100 
ke with the standard probe. With an 
accessory probe, measurements may be 
made up to 150 me. 
Rear View, Showing 


Leads Connected to 
Tap Switch 


Front View, Showing 
Rotary Tap Switch 


The transformer shown above is a 50 KVA 440/225-400 in 
25 volt steps with rotary tap switch mounted in place. The 
entire transformer is designed to fit into the customer's 
cubicle. The tap changer can be equipped with an auxiliary 
5 ampere switch to open contactor if the tap changer is 
rotated under load. 

The important features of NWL construction are vacuum 


, : v r In measuring either voltage or re- 
pressure impregnation with high temperature synthetic 


sistance, any of 3 ranges, each with a 


varnishes, plastic and inorganic insulations. The use of grain 
oriented steels, carefully fabricated, annealed, and assembled 
and conservative design make for long life and high efficiency. 
Every transformer has “built-in” 36 years experience. 


Established 1920 


® WINDING LABORATORIES, INC. 


P. O. Box 455, Dept. 101, Trenton, N. J. 


sensitivity of 0.1 per cent can be 
selected manually. All values are digi- 
tally displayed and measured to three 
places. The reading rate of 20 readings 
per sec permits monitoring rapidly 
varying voltages without the phase lag 
characteristic of D’Arsonval-type meters. 

Printed-circuit construction provides 
greater optimum reliability. Vertical 
positioning of the circuit boards permits 
optimum convection cooling and per- 
mits compact package. A built-in fan 
provides additional cooling. Unit weighs 
only 25 lb and is 11%¢ in. high, 10%« 
in. wide and 1614 in. deep. Franklin 
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SPECIFIED INDUSTRY-WIDE FOR 
OUTSTANDING DEPENDABILITY... 


RESISTORS: * 


and 


RHEOSTATS 


Offering Designers and Engineers Electrical and 
Mechanical Advantages of Proven Dependability 


H-H Rheostats are designed for top performance and 
long life in military and commercial applications — 


* Smooth, long-life 
mechanical action 
® Permanent, positive 
electrical contact 
Constant pressure 
contact arm adjusts 
tension for complete 
continuous contact, 
eliminates backlash, 
prevents binding. High 
temperature gray vitre- 
ous enamel coating in- 
creases safety by its 
ability to withstand 

overload. 


H-H rugged Gray Line Resistors meet all requirements 
for continuous, heavy duty commercial applications — 


* 


Non-crazing, high 
temperature coating 
Maximum immunity 
to humidity, salt spray 
Stronger core affords 
extra dependability 
under extreme operat- 
ing conditions. All wire 
connections on H-H 
Long Life Resistors 
feature all welded con- 
struction. The fixed, 
ferrule and adjustable 
types meet MIL-R-26 
specifications. 


H-H Blue Ribbon Resistors | 


mn Applic atl 


H-H Blue Ribbon Resistors provide higher wattage 
ratings per unit, save space and weight wherever 
mounted. Ruggedized construction features high 
temperature, vitreous enamel, 
offering maximum moisture resistance. Aluminum 
thru-bar distributes heat uniformly along entire 
resistor length. Mounting studs are all corrosion 
resistant, and bracket assembly is vibration-proof. 


crazeless coating 


Illustrated catalogs available on { 
H-H Resistors and Rheostats include 
helpful engineering and installation | 

data. Call or write for copies, now! 

Standard stock items available for 

immediate delivery from authorized 
local electronic parts distributors 


DESIGNED 
TO MEET MIL-R-26 ° 
SPECIFICATIONS! i : 
The Mark of Quality 

Since 1924 
40 HERMON ST., 


NEWARK 5, N.J., U.S.A. 
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We'll Build 
a MOTOR 
fo your 


specifications 
at NO 
OBLIGATION 


Put the Scruggs reputation 
for ingenuity and skill to 
your test. Send us your 
specifications and we'll 
design a custom motor to fit 
your needs at a standard price. 


For more than twenty years 

Scruggs has concentrated on 

the development of precision 
instruments to fit the specific 

needs of manufacturers. 

High production 

standards allow us to 

produce them at LOYD 
standard costs. Rieti crchs 


You’ll find Scruggs 
motors outstanding in 


P Dut 
construction and lasting “ql 6 SI 
qualities. Let us “tailor “— F 


make’”’ a motor to fit 
your needs... write 
Loyd Scruggs Co., Festus, Mo. 


" ez Glongy tian 


FESTUS, MISSOURI 











Electronics, Inc., Dept. 219, East 4th 
St., Bridgeport, Pa. 
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WIDE-RANGE D-C POWER 
SUPPLY IS MAGNETIC- 
AMPLIFIER CONTROLLED 


Voltage range of Model U32-10 wide- 
range magnetic amplifier controlled d-c 
power supply extends from zero to 
thirty-two volts (0-32 V), continuously 
variable without switching, at currents 
from zero to 10 amp. 

Model U32-10 is a rugged, tubeless 
unit, regulated for line or load to + 1 
per cent. It fills need for a mag amp 


unit capable of going to zero volts. 
Ripple is 0.25 per cent for all load and 
line conditions. Transient response is 
faster than 0.2 sec. Line input range is 
from 105-125 VAC at 50 or 60 cycles. 
Dimensions: 834 in. x 19 in. x 14% in. 
It is available for either rack or cabinet 
mounting. Net weight is approximately 
125 lb. Universal Electronics Co., 1720 
22nd St., Santa Monica, Calif. 
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OSCILLATOR COVERS 5 TO 
5000 CPS IN SINGLE BAND 


Sweep oscillator covers 5 to 5000 cps 
frequency range in one continuous band. 
This eliminates range changing, switch- 
ing transients and dial discontinuities. 
An adaption of the RC oscillator de- 
sign the instrument, DY-2200, requires 
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ol koto} ey-kat= 
laminates? 


SPEED AUTOMATIC PRODUCTION of printed circuits with 
warp-resistant C-D-F metal-clad Teflon* and epoxy laminates. 


>) Other advantages: high bond strength of copper to laminate, 
a7) superior blister-resistance in solder immersion. 
os cm 


is the answer ! 


* oth : . / \ 
Teflon*, silicone, epoxy, melamine, phenolic, polyester WGH-VOLTAGE (18000) RF ISOLATION is achieved by 


resins laminated with glass-fiber cloth miniature C-D-F Dilecto gears in an aircraft receiver-trans- 


mitter switch. They also had to exhibit dimensional stability 
You can improve design, speed production, and save money through a wide temperature range, resistance to fungus growth 


by specifying one of the many C-D-F Dilecto grades. — 
Whatever your application for these laminates — with 
fine- or medium-weave glass-cloth base — you'll find a 
better answer to your problem at C-D-F. (Melamine and 
polyester can also be made with glass-mat base.) And 
C-D-F offers modern machining and fabrication facilities 
to deliver production quantities of finished Dilecto parts 
to your specifications. 
See our catalog in Sweet’s Product Design File, where 
the phone number of your nearby C-D-F sales engineer 
is listed. For free trial samples of glass-base Dilecto, or of 
any other C-D-F plastics, mica, or fibre product, send us PRECISE MACHINING AND FABRICATION are standard 


your print or vour problem! Write for your free copy of benefits of Dilecto laminated plastics. These silicone glass- 


3 . ° base parts (coil mountings, aircraft terminal board) were 
C-D-F Technical Bulletin 64. sawed, drilled, punched, and milled in production quantities 
by C-D-F and customer. 


PROPERTIES OF SOME TYPICAL C-D-F DILECTO GLASS-BASE GRADES 


Flexural Dissipation Dielectric Insulation 
Equivalent Strength Factor at Strength Resistance Arc Re- Maximum 
NEMA or Lengthwise 10%* Parallel Cond. sistance Operating 
ASTM grade (PSI) Cond. 024/23 Step x step C96/35/90 (seconds) Temp. (°C.) 


GB-116T 
(Teflon *) . 0.001 


GB-12S z 
(Silicone) ’ 0.008 


GB-181E 
(Epoxy) 


GB-28M 


(Melamine) 


GB-261D 
(Phenolic) 


0.020 
0.025 
22,000 
Polyester) 35,000 


These are typical grades for typical applications. To meet special requirements, C-D-F makes many other Dilecto grades, one of which may serve your 


oe better than any of these listed here. Consult the C-D-F Technical Department for expert assistance with your design problem involving laminated 
plastics products. 


EMARK FOR TETRAFLUOROETHYLENE RESIN 


ALAM On a: 


ALOR 


NEWARK 13, DELAWARE 
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YOUR 
PRODUCTION 
eee aed a 


is built into... 


Sterling 


SPEED-TROL 
VARIABLE 
SPEED MOTORS 


Sterling Speed-Trol Variable 
Speed Motors are fundamental to 
the success of any manufactur- 
ing operation involving changing 
production conditions. Speed- 
Trols give machinery the versa- 
tility which assures optimum 
productivity regardless of manu- 
facturing variables. They also 
prevent obsolescence of machin- 
ery due to changes in processes or 
production volume. As insurance 
against future or unanticipated 
changes, it will pay you to inves- 
tigate Sterling Speed-Trol 
Variable Speed Motors. They 
have your production future 
built into them. 


Sterling Speed-Trol Variable Speed Motors 
Sterling Slo-Speed Gear Motors 

Sterling Constant Normal Speed Motors 
Sterling Multi-Mount Speed Reducers 


Write today for Bulletin No. 188. — 


Discover the big advantages fy - 
Sterling Speed-Trol Variable s 
#.$ £ ‘ 


Speed Motors can 
bring to your plant. 


TERLING 


ELECTRIC MOTORS 


LOS ANGELES 22 - CHICAGO 35 
CINCINNATI 37 - NEW YORK 51 


no zero setting. The large dial is cali- 
brated to a true log scale from 50 to 
5000 cps. 

To provide for attachment of mechan- 
ical sweeping components and other 
auxiliary equipment, the DY-2200 tun- 
ing shaft extends beyond the rear of 
the cabinet. The instrument is available 
in standard rack-panel mounting or in 
a compact, portable cabinet. Dynac, 
Inc., 395 Page Mill Road, Palo Alto, 
Calif. 
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UNIVERSAL TEST BENCH 
CHECKS ELECTRICAL 
COMPONENTS 


Designed to provide complete facilities 
for testing and quality control of elec- 
trical components, test bench incor- 
porates a variety of instruments for the 
measurement of speed, time interval, 
voltage, current, resistance, power, tor- 


que, etc., and includes regulated power 
supplies and other required units. 

An individual plug-in fixture is de- 
signed for each component to be tested. 
When component design is changed, 
new test requirements are accommo- 
dated by simply changing the fixture; it 
is never necessary to rework the master 
bench. Performance Measurements Co., 
15301 W. MecNichols Road, Detroit 35, 
Mich. 
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VIBRATION TESTING 
MACHINE 


Said to meet frequency and amplitude 
specifications of MIL-Std-202, small 
Model 14-28 vibration testing machine 
is constructed on a rugged cast alu- 
minum base which houses the drive 
motor and variable speed drive mecha- 
nism. Linear sinusoidal motion is im- 
parted to the spring flexure mounted 
table by means of a connecting rod 
driven by a ball bearing mounted ec- 
centric cam. The eccentric cam is driven 
by a cone-type variable speed drive 
powered by a ‘5 hp split phase induc- 





[,ibsiloy 
Silver-cadmium oxide 


tiene vi 
a a 


4 


for LONGER LIFE + LOW COST 
HIGH INTERRUPTING CAPACITY 


Important news: These newly- 
developed Gibsiloy contacts con- 
taining silver and cadmium oxide 
withstand larger currents than sil- 
ver or its alloys ... without welding 
or sticking! They give longer life, 
greater current-carrying capacities, 
and higher electrical ratings. They 
have excellent arc-quenching traits, 
low contact resistance, high con- 
ductivity, and low material loss. 
Delivery is quick. And cost is com- 
parable to that of fine silver! Many 
users are switching to Gibsiloy sil- 
ver and cadmium oxide contacts, 


Typical Applications 
motor-starting & limit switches 
light & medium-duty contactors 
light & medium-duty relays 
aircraft relays 
industrial controls 


Properties Conductivity Hardness 
%IACS Rockwell 15T 


KA-2 80 40-50 
KA-3 75 50-60 
KB-2 80 45-55 
KB-3 75 50-60 


KA is supplied as discs, rectangles, irregular 
shapes. 

KB is supplied as rivets, rectangles, discs (pro- 
jection-weld-backed), discs (with or 
without silver solder backing). 

Try Gibsiloy KA and KB silver and cad- 

mium oxide contacts to replace silver 

or silver alloy contacts in your present 
electrical products. And 

plan for them in new 

ones. Their use is already 

widespread and growing. 

Let us discuss how KA 

and KB can help you. 


Write for latest folder on Gibsiloy 
KA ond KB and send for Form 
#23 **Request for Contact Rec- 
ommendation’’ 


ELECTRICAL CONTACT 


Miinikasbssiii by 
SEU Maem meio r ty 


8349 Frankstown Ave., Pittsburgh 21, Pa. 
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Compact power relay- 
high contact ratings 


More relay for your money—that’s 
the big thing you get when you spec- 
ify Ward Leonard’s Bulletin 105 for 
light power switching jobs. 

No delicate, misapplied telephone- 
or instrument-type relay, the 105. 
From rigid phenolic base to ample 
silver-to-silver, self-cleaning contacts, 
the 105 is built to deal with power . .. 
just like the larger Ward Leonard re- 
lays and contactors. And yet it’s ex- 
tremely compact and low in cost. 

You'll find the Bulletin 105 relay— 
in SPST, SPDT, DPST, and pppT types — 
ideal for controlling power to electric 
heaters, signals, pumps, radio and Tv 
transmitters and public address sys- 
tems. 

Check your catalog file today for 
Bulletin 105. If it’s missing write to: 
Ward Leonard Electric Co., 34 South 
Street, Mount Vernon, N. Y. (In Can- 
ada: Ward Leonard of Canada Ltd., 


Toronto. ) 7.1 


E N G j N E E R i N G D A T a COIL VOLTs: 6, 8, 10, 12, 24, 32, 48, 115, 230 


SINGLE POLE BULLETIN 105 RELAY AVG. COIL WATTs: 2 D.C., 3.75 A.C. 
PICK-UP : 85% or less of rated voltage 
WEIGHT: 5 ounces 
TERMINALS ; Stud type 


Contact Ratings 


LIVE BETTER. Electrically € the 


*Ratings are non-inductive. 
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WITHOUT ATUBE 


Here's the first step toward lifetime reliability in electronic gear 
— the conversion from vacuum tubes to rugged, lightweight, small 
size Berkeley FERRISTORS*. 


Berkeley FERRISTORS* consist of simple wire-wound coils on a 
ferro-magnetic core, encapsulated in epoxy resin. Costing less 
than comparable vacuum tubes, they offer these advantages: 


. Continuous-duty reliability 


. Unaffected by vibration, shock, high overloads, 
humidity changes, temperature extremes 


. Total weight only ‘2 ounce; small as a cube of sugar 


FERRISTORS* are now used as oscilla- 
tors, multi-vibrators, bi-stable ele- 
ments, one-shots and various linear 
amplifiers including coincidence am- 
plifiers, balanced amplifiers and dif- 
ferential amplifiers. 


Why wait for your competitor to use 
FERRISTORS* and offer electronic 
gear with lifetime reliability? Investi- 
gate now and beat him to the punch Model 470 RF Power Supply has 
— write for Data File 110, “Electronic dual outputs to supply 1.7 me to 


. : “4 dri to 4 ring-of-10 bi-stabl 
Design with FERRISTORS*.” Please — Siements and to supply 10 me te 


address Dept. Rl. power at least 10 linear ampli- 
fiers. Ideal for preliminary inves- 
tigations of circuits using the 
Berkeley FERRISTOR*. Price $95.00 
f.0.b. factory. 


Beckman’ 


Berkeley Division 
Richmond 3, California 


*Trademark a dwision of Beckman Instruments, Inc. 





tion motor. Frequency adjustment is 
provided on the front of the machine 
and is infinitely variable while the ma- 
chine is running. Amplitude setting is 


| provided at the top right side of the 
| table by means of the eccentric adjust- 
| ment. Uni-directional table vibration is 
| assured by table rigidity and unique 
| flexure suspension system. Specifica- 


tions of Model 14-28 include: fre- 
quency, infinitely variable; amplitude, 
infinitely variable 0 to 0.040 in. (double 
amplitude max. 0.080 in.); and test 
load, 5 lb max. Test specimen mount- 
ing area: 1] in. x 6 in. The Ahrendt 


| Instrument Co., A Subsidiary of Litton 


Industries, 4910 Calvert Rd., College 


Park, Md. 
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PULSE GENERATOR UTILIZES 


| TRANSISTORS AND PRINTED 
| CIRCUITRY 


Model 502 pulse generator is the sec- 


| ond in a series of completely transistor- 


ized test equipment using printed cir- 


| cuitry. This instrument is self-powered 


by a 221% volt “B” battery, providing a 
useful life of 450 hr. Model 502 pro- 
vides a pulse length from 0.5 to 3 mi- 
crosec in three steps with a 20-volt peak 
into an 800-ohm load. The positive or 
negative pulses are continuously vari- 


| able from zero to full amplitude and 
| the instrument may be easily modified 


to accomplish external modulation. 


| With negligible jitter, the pulse shape 


shows a rise and decay time of 0.1 


| microsec or less; tilt and overshoot is 
less than +2 per cent over average 
| amplitude at maximum pulse output. 


Repetition rate on internal sync is 


| from 50 to 5,000 pps, and on external 


syne from 0 to 5,000 pps. Internal im- 


| pedance is 100 ohms or less on either 


pulse polarity. Syne may be positive or 


| negative at l-volt minimum to 20-volt 
| peak to peak maximum. Sync output 


provides positive or negative 10-volt 
peak into a 2000-ohm load with a dura- 
tion of approximately 1.5 microsec at 


| the half voltage point and a rise time 
| of 0.5 microsec. Cubic Corp., 5575 
| Kearny Villa Rd., San Diego 11, Calif. 
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Exploded view of aircraft spark plug, showing the two concentric insulating sleeves of 
“Teflon.” Two sleeves are used to provide extra protection against dielectric failure. 


Insure trouble-free design 
with R/M OTeffon products 


For thousands of electrical applications 
“Teflon” has proved to be the best 
material because of its combination 
of properties—electrical, thermal and 
mechanical. It permits compactness of 
design, and because of its resiliency 
and toughness, components made from 
it often simplify installation. R/M 
Tape handles easily, conforms well to 
corners and unusual shapes, can be 
readily adapted for automatic wrapping. 

Here are some of the electrical 
properties of R/M “Teflon”: 

1. Power factor — less than 0.0003 over 


entire spectrum from 60 cycles to 
30,000 megacycles. 


2. Volume resistivity — greater than 10'° 


ohm-cm, even after prolonged soak- 
ing in water. 


3. Surface resistivity— 3.6 x 10% ohms 
even at 100% humidity. 


4. Good arc-resistance— On exposure to 

an arc, the material vaporizes, leav- 
ing no carbonized path. 
High short-time dielectric strength — 
values range from 1000 to 2000 
volts per mil, depending on thick- 
ness. 


. Resists high temperatures — electrical 
properties are essentially unchanged 
up to at least 400°F. 


Take advantage of R/M’s long ex- 
perience in developing the potentials 
of “Teflon” for the electrical industry. 
We fabricate “Teflon” to your speci- 
fications or supply it in rods, sheets, 
tubes, wire and tape in all standard 
color codings. Send for our bulletin 
“R/M Teflon Products.” 


*A Du Pont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION, MANHEIM, PA. 


FACTORIES: Bridgeport, Conn.; Manheim, Pa.; No. Charleston, S.C.; Passaic, N.J.; Neenah, Wis.; Crawfordsville, Ind.; Peterborough, Ontario, Canada 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics » Asbestos Textiles » Mechanical Packings « 
Abrasive and Diamond Wheels « Brake Linings « Brake Blocks « Clutch Facings * Laundry Pads and Covers « Industrial Adhesives « Bowling Balls 
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Literature 
for the Design Engineer 


All-new listings of manufacturer's literature just off the 


press .. . including catalogs, manuals and other reference 


publications relating to components and materials for 


designed-in use in electrically energized end products. 


A-C MOTOR SELECTOR-—-How to select 
a-c motors for specific applications is 
the subject of twelve-page bulletin, No. 
B-1203-1, providing information on 
speed-frequency relationship, NEMA 
design classes, torque characteristics, 
and NEMA current and torque values. 
Frame selection tables are also included. 
Additional selection data include di- 
mension charts and mechanical modi- 
fications for all frame sizes from 182 to 
6085. Two pages are devoted to a pic- 
torial glossary of motor enclosure ter- 
minology. Reliance Electric and Engi- 
neering Co. 
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WIRE CALCULATOR—Handy calcula- 
tor makes it easy to determine weight of 
springs made from given sizes of round 
wire or flat stock. The calculator is a 
circular slide rule type. with one side 
for round wire and the other providing 
data on strip. Scales are designed for 
steel, and conversion factors are given 
for aluminum, brass, copper, Monel, 
titanium, phosphor bronze and stainless 
steel. National-Standard Co. 
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EPOXIDE CASTING RESIN FOR 500 F 
SERVICE — Exhibiting excellent phy- 
sical and electrical properties at ele- 
vated temperature, Stycast 2662 epox- 
ide casting resin is said to have a heat 
distortion temperature in excess of 
500 F. According to a one-page bulle- 
tin, it can be used for short periods at 
600 F. Supplied as a free flowing liquid. 
2662 is used in conjunction with Cata- 
lyst 14, which is a finely divided pow- 
der. Shrinking during cure is negligi- 
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ble. Physical and electrical properties 
are listed. Emerson and Cuming, Inc. 
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MAGNETIC SHIELDING—Thirty-three- 
page technical brochure describes non- 
shock sensitive nonretentive Fernetic 
and Co-Netic magnetic shielding ma- 
terial. Construction features. perform- 
ance characteristics and typical applica- 
tions are reviewed. Included are 12 
pages of technical data, 5 pages of 
performance graphs, 14 pages of illus- 
trations and a convenient 2-page com- 
prehensive index. Magnetic Shield 
Div., Perfection Mica Co. 
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MINIATURE BEARINGS Miniature 
ball and roller bearings illustrated and 
described in a 16-page catalog are man- 
ufactured in Switzerland, but available 
from an American source. Available 
types include pivot bearings (including 
models with inner race), ultralight in- 
strument bearings, radial bearings with- 
out inner race, and the radial Filmoseal 
type. Landis and Gyr, Inc. 
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ELECTRONIC INSTRUMENTS—Among 
the electronic instruments described 
in a Short Form Catalog are universal 
counter-timers, frequency and period 
counters, time-function — translators. 
preset controllers and totalizing count- 
ers. Additional data are provided on the 
time interval meters, decade and preset 
decade counting units. Each instrument 
is described in a sectionalized layout 


with optional features clearly indicated 
and instrument construction details dis- 
cussed. Computer-Measurements Corp. 
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BALL AND DISK INTEGRATOR—High 
precision ball and disk integrators are 
described and applications suggested 
in an illustrated four-page pamphlet. 
Models are available for speed control, 
and other uses. Data are also provided 
on bellows-type and pin-type flexible 
couplings. The Reflectone Corp. 
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SMALL MOTOR SWITCHES—Bulletin 
7005 B-25 lists standard and special 
features of single or multi-wafer rotary 
selector switches designed for applica- 
tion where a large number of centraliz- 
ed circuits must be controlled in con- 
secutive steps. The switches have a def- 
inite indexing action that clearly indi- 
cates the position of the switch and 
provides other advantages as_ well. 
Switches can be furnished with one up 
to a maximum of six wafers, each with 
six positions, seven “on” and one “off.” 
Continuous rotation is possible. Cutler- 
Hammer, Inc. 
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MINIATURE INCANDESCENT LAMPS 
—Designed for a wide range of low- 
voltage applications, the miniature in- 
candescent lamps described in an 8- 
page catalog are useful in coin machine. 
radio-panel, and other applications. In- 
cluded is a chart graphically illustrat- 
ing how lamp characteristics change 
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HUGHES PRODUCTS 


presents 3 unusual new 


STORAGE TUBES 


The MEMOTRON, a direct-display cathode ray storage tube, re- 
tains traces and transients until intentionally erased. Analysis 
and comparison are possible without photography because 
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MEMOTRON visually displays successive transient writings. All 
| displays occur at uniform brightness, regardless of writing 
speeds, so are easily photographed for file records. Applications: 
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viewing transients in shock testing, read-out of solutions from 
analog computers, curve plotting at high and low speeds, 
electrocardiography, vectorcardiography and heart sounds. 


General Specifications: 


RESOLUTION...50 to 60 written lines per inch. 

WRITING SPEED...0 to at least 100,000 inches/second. 
BRIGHTNESS...50 foot-lamberts. 

USABLE SCREEN DIAMETER...4 inches. 


IMENSIONS... 

. Over-all length: 18 1/2 inches + 1/2 inch. Photos show single transient 
Bulb diameter: 55/g inches maximum. sises, <0 microseconds wide 

Neck diameter: 21/4 inches + 3/32 inch. with a one microsecond rise 

a ving writing capabili- 

ne million inches per 
These photos were 
tull daylight without 


TONOTRON 


The Tonorron, another exclusive Hughes direct-display cath- 
ode ray storage tube with a 5-inch screen, presents a complete 
spectrum of grey shades. The high light output makes a hood 
unnecessary, even when viewing in full daylight. TONOTRON’s 
length of persistence and rate of decay are controllable. Su- 
perior presentation of the grey scale assures “high fidelity” 
picture reproduction. Applications: radar, Narrow Band Televi- 
sion, instrumentation, etc. 
Photos: Left, weather radar with brilliant halftone picture 


On TONOTRON. Right, TONOTRON freezes action picture 
until intentionally erased. 


The Typorron is the first commercially available storage tube 
for displaying printed data rapidly. A choice of 63 characters 
is available for the presentation of data in words, numbers or 
symbols. As a high-speed digital read-out device, the TyPOTRON 
writes characters '% inch in size at speeds of at least 25,000 
characters per second. The written information remains visible 
indefinitely without fading or blooming, until intentionally 
erased. This feature makes TyPOTRON an ideal read-out device 
in many digital computer applications. 


TYPOTRON 


Photo: Presentation of all 


| HUGHES PRODUCTS — 


Our applications engineers invite your 


D inquiries regarding specific uses of these 
ELECTRON TUBE tubes. For further information and 


_——————— descriptive literature please write to: 
HUGHES PRODUCTS - ELECTRON TUBES 
International Airport Station 
© 1956, H.A.C. Los Angeles 45, California 
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ENCAPSULATION 
and EMBEDMENT 


oie. 


Complete production facilities for encapsula- 
tion and embedment utilizing “Luxolene” epoxy 
resins. 


ELECTRONIC ASSEMBLIES 
ELECTRICAL INSULATORS 
SPECIAL SHAPES AND DESIGNS 
THIN WALL EPOXY TUBING 


Plain and Glass Reinforced 
ELECTRIC COIL WINDING 
EPOXY RODS 


1 ahi 


e COLORS 
@ COMPOUNDING FACILITIES 
‘*SPECTACLCISTS tn #£°0xX7™ 


Write Dept. E For Complete Details 


DELUXE COILS, INC. 


Post Office Box 364 . Wabash, Indiana 





ALLI = D ate le tome) ditty 
of ELECTRON TUBES for industry 


Immediate delivery from stock 
saves you time, effort and money 
AMPEREX 


EIMAC At ALLIED, we constantly stock for 
GE quick shipment the world’s largest 
ELECTRONS, INC, inventory of special-purpose electron 
RCA tubes. We specialize in supplying 
RAYTHEON the electron tube needs of industry, 
SYLVANIA broadcast stations, laboratories, schools 
TAYLOR and government. Save time, effort 
TUNGSOL and money on your electron tube 
» WESTINGHOUSE orders—phone, wire or write us for 
and others expert, immediate shipment from stock. 


ALL BRANDS 
IN STOCK 


ALL TYPES 
IN STOCK 


Power 
Transmitting 
Rectifier 
Phototube 
Radiation 
Sub-Miniature 
Oscillograph 
ignitron 
Thyretron 
image Orthicon 
Klystron 

%, and all others 


Refer to your ALLIED Cata- 
log for everything in elec- 
tronic supplies. Copies of 
our latest 356-page 1957 
edition are available FREE 
on request. 

ALLIED RADIO 

%. . 3 100 N. Western Ave. 

& Dept. 47-A-7, Chicago 80, Ill. 


EVERYTHING IN ELECTRONICS FROM ONE DEPENDABLE SOURCE 











with variations in applied voltage. Hud- 
son Lamp Co. 
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GLASS BONDED MICA; TEFLON; KEL-F 
—Complete with useful reference ma- 
terial, curves, and other illustrations, 
20-page catalog describes a range of 
plastics products that include glass- 
bonded mica materials, Teflon and 
Kel-F (trifluorochloroethylene _ poly- 
mer). Properties and characteristics of 
the glass-bonded mica material—to- 
gether with illustrated case histories— 
point out the major features of this 
JAN I-10 Class L4A insulator. Similar 
treatment is accorded other products 
including Tufflex, a special compress- 
ible gasketing material made of Teflon. 
Electronic Mechanics, Inc. 
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ELECTRIC POWER DRIVE — National 
speed electric motors, geared motors, 
variable speed transmissions and speed 
reducers reviewed and illustrated in a 
twenty-page condensed catalog. Tables 
make easy the selection of required 
drive. Dimensional drives and other 
illustrations are included, as well as 
data on available modifications and ac- 
cessories. Frame selection table and 
other information are provided. Sterl- 
ing Electric Motors, Inc. 
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PRESSURE-SENSITIVE TEFLON TAPE— 
A small four page folder describes the 
use of Temp-R-Tape, a pressure-sensi- 
tive Teflon tape, designed for Class H 
insulation and non sticking facing. Ap- 
plications as well as properties and 
prices are provided. Tape is available 
in 0.006 and 0.013 in. thicknesses; 14 
to 12 in. widths; tape can be obtained 
either in rolls or in a cloth hacking 
with a range of sizes. The Connecticut 
Hard Rubber Co. 
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SELF-WICKING LIQUID LUBRICANT 
FOR SLEEVE BEARINGS—Permawick, 
a combination of oil and cellulose base 
fibers chemically blended to form a 
single self-wicking liquid lubricant, is 
the subject of an illustrated pamphlet 
pointing out such product advantages as 
high-speed “wicking” and “oiling” in 
a single automatic operation in electric 
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Superior offers the widest range of sizes 
and alloys in top quality instrument tubing 


Superior Tube Company produces the finest 
instrument tubing in a wide range of sizes 
and alloys—offers you as standard products 
what many makers would classify as spe- 
cialty tubing. 


1. NEEDLE TUBING 

The stainless steel links in this recording instru- 
ment are made of Superior needle tubing. The high 
strength, stiffness, and strict dimensional toler- 
ances characterizing this tubing—originally 
designed for surgical uses—have opened new fields 
of industrial applications when used as mechan- 
ical tubing. 


2. PRESSURE AND SUPER PRESSURE TUBING 

A spiral windpipe made of Superior 304 cold-drawn 
seamless stainless steel tubing. Pressure tubes are 
used to convey fluids at elevated temperatures 
and pressures. Produced in stainless, carbon and 


alloy steels in sizes to withstand pressures up to 
100,000 psi. 


3. BOURDON TUBING 

A “C” tube element for a pressure gage. The 
shaped Bourdon tube serves as the actuating ele- 
ment for the majority of pressure indicating and 
recording instruments. Helix and spiral elements 
are also fabricated from the wide range of alloys 
available at Superior—a range that makes it 


Round and shaped tubing available in Carbon, 


*Reg. T.M. International Nickel Co. 
tReg. T.M. Superior Tube Co. 


Alloy and Stainless Steels; 


possible to satisfy any set of conditions in the use 
of Bourdon tubing. 


4. CAPILLARY TUBING 


A thermostatic instrument pressure transmission 
element with a coiled unit made of Superior Type 
$21, capillary tubing. Superior capillary tubing is 
used primarily for transmitting temperature and 
pressure impulses from the source to a recording 
or indicating instrument. Capillary purposes, in 
general, require a heavy-wall tube with an ID of 
.006” to .0380’. Types $47, 321, 316, MonEL” and 
carbon steels are recommended analyses. 


5. LARGE OD LIGHT WALL TUBING 


A large OD light wall tubing bellows in a pressure 
actuating element. Present applications for large 
OD light wall tubing include bellows, low pressure 
heat exchanger tubes, flexible hose, aircraft duct- 
ing, fractional horsepower motor casings, ceramic 
drills, and casings for radioactive well logging 
instruments. Sizes offered up to 219"’ OD. 


6. MECHANICAL TUBING — INSTRUMENT LINE 
Various fabricated parts—all made of Superior 
mechanical tubing. Superior mechanical tubing 
can be either seamless or WELDRAWNT grade used 
statically or dynamically, but not subjected to 
severe temperature or pressure. It is produced in 
sizes up to %%’’ OD within production limits, in 
many special shapes, and in over 63 standard 
analyses and mechanical properties. 


NORRISTOWN, PA. 


All analyses .010” to 54” OD—certain analyses in light walls up to 244" OD 


On the West Coast: Pacific Tube Company, 5710 Smithway St., Los Angeles 22, Calif. 
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Nickel and Nickel Alloys; Beryllium Copper; Titanium 


Sy yoeriar lade 


The big name in small tubing 


Send for 


free copy of Bulletin 40 

4 Guide to the Selection and 
Superior Tubing 

or Tube Company, 2021 


Germantown Ave., Norristown, Pa 


; Zirconium 
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Oil Tight PUSH BUTTONS 
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DESIGNED FOR EVERY APPLICATION 
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Now for the first time, because of 
standardization and interchangeabil- 
ity, more combinations of Oil Tight 
push buttons are available with fewer 
parts. As a result, Furnas Electric de- 
sign and research again lead the field, 
this time with the finest oil tight push 
buttons available. 

When you specify Furnas Electric, 
you get one standard contact block. 
No rights or lefts—no special units 
for horizontal or vertical mounting. 

Accessories (key lock, mushroom 
head or lever) are mounted directly 
on all standard operators. Operators 
need not be modified or removed from 
panels. 


For full information on oil tight or general purpose 
push buttons, selector switches or pilot lights, write 


today for Catalog 5606. 


Furnas Electric Company, 


1024 McKee Street, Batavia, Illinois. 


motors, generators, fans, and similar 
equipment. Designed for the lubrication 
of sleeve bearings, Permawick will not 
separate under injection pressure. 
Fluidwick Co. 
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ZERO-DRIFT GALVANOMETER AM- 
PLIFIER—Designed for use in measure- 
ment of very low currents and poten- 
tials, ultra-sensitive, zero-drift galvano- 
meter amplifier is described in a four- 
page bulletin. The d-c amplifier fea- 
tures a continuously valiable sensitivity 
giving a full 5 milliamp output for 
any input from 5 to 50 millivolts. Pro- 
duced in England, the instrument is 
available from an American source. The 
Jarrell-Ash Co. 
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SOLDERLESS WIRING DEVICES—Text 
tables and illustrations in eight-page 
brochure describe available types of 
solderless wiring devices and point out 
design advantages. These include use of 
pure, soft, ductile copper for all termi- 
nals and connectors, which are electro- 
tin plated for maximum corrosion re- 
sistance. Electric Terminals Corp. 
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FREQUENCY METER — Completely re- 
designed Model 802B frequency meter 
(S to X band) operates in a frequency 
range from 2350 to 10,500 mc. Among 
its features are a Veeder-Root digital 
counter. Other design details and com- 
plete specifications are provided in a 
two-page data sheet complete with illus- 
trations. The Narda Corp. 
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VARIABLE RESISTORS AND SWITCHES 

—Dimensions, mounting styles, ratings, 
standard modifications, and perform- 
ance characteristics for a complete line 
of variable composition resistors and 
snap switches are contained in thirty- 
page Bulletin RC-10B. Convenient fold- 
out chart at the rear of the bulletin 
serves as a quick guide to the most 
important features of each unit shown 
in detail on the inside pages. Electronic 
Components Division, Stackpole Carbon 
Co. 
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FABRICATED PARTS AND COMPO- 
NENTS—Titled “Fabricated Parts and 
Components . . . Management Decision 
for Profit” is a 12-page booklet cover- 
ing the cost advantages gained by 
dealing with a single responsible source 
for fabricated parts made from vulcan- 
ized fiber, laminated plastics, nylon 
and combinations of these materials. 
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Weed gown scraneous 


TRIPLE-POLE SWITCH 


for interrupting 3-phase, 
110 V, 400 cycle AC circuits 


FY 


. 


wt 
4 ACY 


6-CIRCUIT CONTROL — in a small package. 
Makes possible a wide variety of circuit combinations. 


i. rt 


ot oe SIMULTANEOUS “MAKE & BREAK" ACTION 


Permits unusual applications, reduces arcing, prolongs 
TRIPLE-POLE SWITCH 


switch life and increases electrical capacity. 


OPERATING CHARACTERISTICS ° j , ‘ 
This completely new Electro-Snap triple-pole switch simul- 
CONTACT ARRANGEMENTS: 1 A h h indi f 
X3.4—3RL-POU, BOURLE THROW taneously reverses current flow through three windings of a 
K3-2—TRIPLE-POLE, NORMALLY OPEN 3-phase motor up to 1 H.P. and interrupts other types of 


K3-1—TRIPLE-POLE, NORMALLY CLOSED eee : . 
multi-switching installations. Instantaneous snap-action of the 
ELECTRICAL RATING: 


three poles is independent of thes f ion — 
ska dei ae po pe e speed of actuation even 


15 AMP 30 V.D.C. RESISTIVE extremely slow moving cams can be used. 
10 AMP 30 V.D.C. INDUCTIVE 


PROBABLE MECH. LIFE The K3-Series offers designers a wide variety of 3-phase cir- 
PROBABLE ELEC. LIFE 


AMM Yeud. Ant te" 10 +-275° B.° cuit hookups for servo-controls, to limit movement of machine 
*(—100° to +375°F. available) members and as a start-and-stop switch which formerly were 


cine eemien possible only with complicated relays or a suniber: of supemnes 
switches. A large selection of standard actuators is available. 


LOOK WHAT YOU CAN DO WITH IT! 


Control Six Circuits 


Wire Movable Poles in Series for High Voltage 
with ONE Snap 


or in Parallel for High Current 


s/NE { ee ks 
z._x LINe ee SE 
: . 
SWITCH (6 PARALLEL ARRANGEMENT SWITCH OM SERIES ARRANGEMENT 


' 
| With the switch wired in series arrangement, the 
| _ parallel arrangement, the current has only | path 
current is divided into 3 through the switch. The 
| ths through the switch. multiple on in es 
P is permits the switch to current path permits 
Used in motor control ! be used with a load rated switch to be used where 
device switch, when ac- | up to 3 times the ampere the line voltage is rated 
tuated, turns on the red | rating of the switch. up to 3 times the voltage 
light on No. 1, the sole- i 
1 


noid on No. 5, the volt- 
meter on No. 9 and 
turns off the motor on 
No. 4, the green light 
on No. 8 and the fur- 
nace and ammeter on 


No. 12. 
ais 850 


TOP viEWw 


tating of the switch; am- 
With the switch wired in pere rating not affected. 
Start and Stop 
Three-Phase Motors a= 


i 
+ 
co 


. 
Completely disconnect al! t . aol 
current supplied to a 3- > a 
phase motor by interrupt- li | 
ing 3 phases simultaneous- | ~ 9 = “tas 
ly with one snap. ' 


~e 
ELECTRO-SNAP ~“ ee| 
SWITCH AND MFG. CO. 

4238 West Lake Street ® Chicago 24, Illinois 


Bw 
IN A COMPLETE LINE EY 


OF SWITCHES Sub-Minicture ite 


One-Way Limit : 
Switch eo Switch Switch Hermetically-Seated 
Limit Switches 
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Type 826 
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cCRu> The most 
complete line 


of Ceramic Trimmer Capacitors 


Eight standard types. 
Special designs engineered 
: to specifications. 


eeeeeeeeee 


All units rated 
600 V. D. C. W., 


; 
1500 V. D. C. test : 


Rotors and stators ground optically flat, to 
insure dependability and accurate retrace. 


Lightweight rotors always in balance 

and under heavy spring pressure. Provide 
excellent stability under vibration without 
special locking device. 


All units easily adjusted. Full capacity 
range is obtained with 180° rotation. Equal 
stability is maintained at any position from 
minimum to maximum. 


Capacity range from 
5 to 125 mmf. 


Small size—light werght 


Power factor less than 


0.2% at one megacycle 


For further information, 
write for Technical Bulletin 42-101R1. 


A DIVISION OF GLOBE-UNION INC. 


962A East Keefe Avenue ° Milwaukee 1, Wisconsin 
In Canada: 804 Mr. Pleasant Road, Toronto, Ontario 


ls BV ; 


i vamabut ENGINEERED 
se RESISTORS CERAMICS 


Centxalab 


D-2356 





ee 
Pad 
CAPACITORS 


PACKAGED 
Ae. * ELECTRONIC CIRCUITS 
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Thirty-six illustrations are used to show 
machining operations and typical prod- 
ucts produced. Property and application 
charts aid the engineer in selecting the 
best grade of these basic engineering 
materials. Company facilities are re- 
viewed. National Vulcanized Fibre Co. 
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FUNDAMENTALS OF SPRING DESIGN— 
Presented in easy-to-grasp form and in 
sufficient detail to guide the engineer- 
ing designer through the initial stages 
design problem. these 
fundamentals are detailed in a new 8- 
page illustrated brochure. 
Design and 

Brief,” are the basic stress and deflec- 
tion formulas, the commonly used 
spring materials, 


ot a= spring 


Discussed in 


“Spring Selection—in 


typical applications 
and various limitations for each of the 
various types of springs. Also included 
are a tabulation of the tensile, torsional 
and other physical properties of the 
commonly used spring materials, as 
well as notes on the process of manu- 
facture and chief uses of each. As- 
sociated Spring Corp. 
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POWER SUPPLIES—Catalog 57 reviews 
a line of regulated power supplies for 
laboratory and _ original equipment. 
Representative models described in- 
clude the Series 100 MA _ portable 
model. Savings on panel space are one 
advantage of the Com-Pak series, which 
uses semiconductor rectifiers for high 
efficiency in the C-400 and C-800 series. 
Other models and types are available 
for a wide variety of applications. 
Lambda Electronics Corp. 
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MEN AND MACHINES —Four-page 
brochure describes production facilities 
that include four main buildings that 
occupy a total of 52,250 sq ft. Available 
are complete engineering laboratory 
facilities for research, development and 
test work of electronic, electrome- 
chanical, optical, data reduction and 
transmission, and control and guidance 
equipment. Also for: test and calibra- 
tion, infrared. radar and radio com- 
munication and navigation systems and 
components. Corporation of 
America. 
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Servo 


TUBE CAP CONNECTOR GU!DE—Guide 
to tube cap connectors for all types of 
tubes contains new tube cap connector 
designs and the latest specifications on 
tube cap connectors for airborne and 
missile equipment. Available are new 
high-altitude, high-temperature designs 
utilizing Kel-F insulation molded as an 
integral unit around Teflon leads and 
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TAYLOR 


e Laminated Plastics 
a Vulcanized Fibre 


Shop Tale _ 





Plants in Norristown, Pa. and La Verne, Calif. 


PHENOL—MELAMINE—SILICONE—EPOXY LAMINATES * COMBINATION LAMINATES ¢ COPPER-CLAD LAMINATES » VULCANIZED FIBRE 


Tips for designers 





Terminal board for a complex circuit in an 
electronic spectrophotometer instrument is made of 
Taylor Grade LE laminate . . . selected for its 
insulating and mechanical properties. 





Large exhaust fans use Taylor paper base 
phenolic washers to help absorb thrust . . . an 
inexpensive arrangement, with long life. 





Welders’ helmets are fabricated from tough, 
durable Taylor vulcanized fibre . . . readily 
formed to many desired contours. 





Rotary lewn mower utilizes abrasion resistance 
of Taylor phenolic laminate washer in slip-clutch 
attachment of drive shaft to cutting blade. 


TAYLOR FABRICATING 
FACILITIES 


Your production problems can 
often be simplified . . . schedules 
safeguarded . . . inventory head- 
aches cured . . . and overall costs 


reduced by having Taylor fabri- 
cate finished parts of vulcanized 
fibre and laminates to your 
specifications. Efficient, modern 
facilities are ready to serve you. 
Write to Taylor about your spe- 
cific requirements. 








Chosen for its mechanical strength and electrical insulation, this Taylor 
laminated tubing provides an economical means for making (1) an 
ignition breaker arm bushing and (2) a distributor terminal bushing. 


Strength plus electrical insulation, 
available in Taylor laminated tubing 


Among the most versatile basic 
materials available to the designer, 
Taylor laminated plastics are con- 
stantly finding new applications 
. In new products for future 
markets and as replacements for 
parts in current production. 


Widely used in flat sheets for the 
fabrication of parts for electrical 
components, Taylor laminates are 
also available in tube form. This 
makes them applicable to an even 
greater number of parts . . . such 
as bushings, guides, shafts, and 
housings for resistors, thermistors 
and fuses. The tubes are supplied 
with inside diameters as small as 
34". Standard lengths are 36” or 
49”, depending on grade, inside 
diameter and wall thicknesses. 


Included in the broad selection of 
Taylor laminated tubing are a 
great variety of different grades 
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. . . paper, fabric and glass bases 
combined with special formula- 
tions of phenol, melamine, sili- 
cone and epoxy resins. Each grade 
offers electrical and physical prop- 
erties which qualify it for a speci- 
fic application at a reasonable 
price. 


Of particular interest to economy- 
minded designers and production 
managers is the fact that this 
laminated tubing permits the use 
of a part for a mechanieal applica- 
tion without the need for extra 
electrical insulation. 


Plan to take greater advantage of 
Taylor laminates . in tube, 
sheet and rod form. . . either in 
your present products or in those 
which you are now designing. Call 
or write for a discussion of your 
specific requirements. 
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makes hand lettering old fashioned 


Its speed and uniformity is standard in modern drafting rooms — Legible 


reproduction of lettering is a must. But perfect hand lettering takes time and 
skill, and both cost big money these days. That’s why thousands of modern 
drafting rooms have adopted Leroy® lettering—a K&E development—as 
standard on all jobs. 


Leroy lettering can’t help but be perfect regardless of the job or the ex- 
perience of the man. Each letter is completely and uniformly produced in one 
quick, simple operation. It’s so exact, yet so simple, that one man can start 
the job and another finish it without any variation in lettering. Because the 


lettering template is the same, there’s almost no room for mistakes. 


Every necessary type face and symbol in a wide range of sizes, is available 
in Leroy templates. Each template is engraved with traditional K&E atten- 
tion to quality, built for a lifetime of use. Special electronic, mathematical, 
mapping and geological templates are available . . . we'll even make them to 
order with your own symbols or trademarks. See Leroy lettering equipment 
at your K&E dealer. 


89 YEARS OF LEADERSHIP In equipment and materials for 
drafting, surveying, reproduction and optical tooling . . 
and measuring tapes. 


KEUFFEL & ESSER CO. 


NEW YORK + HOBOKEN, N. J. * Detroit « Chicago » St. Louis » Dallas « San Francisco » Los Angeles + Seattle » Montreal 


. in slide rules 
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contacts. Other models are also de- 
scribed. The tube cap connectors are 
classified by cap size; then grouped 
by types. Insulation charts make it 
possible to quickly determine the tube 
cap insulation best suited for electrical 
and environmental Alden 
Products Co. 


conditions. 
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| ADJUSTABLE-OUTPUT CONSTANT 
| VOLTAGE D-C POWER SUPPLY—Four- 
| page booklet is devoted to features and 


applications of six stock Solavolts— 
adjustable-output constant voltage d-c 


power supplies. Electrical and me- 


| chanical specifications are provided for 


each model and advantages for labora- 


| tory performance detailed. Units are 


capable of handling transient or pulse 
loads of up to twice the full-load rating. 
Sola Electric Co. 


Circle No. 144, Reader Inquiry Service Cards 
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4-WAY VALVES—Three new models 


| are included in a catalog of 4-way 


valves available as single solenoid or 
for foot or cam operation. The single 
solenoid valves are of the air-return 
type; no springs are employed. Valves 
are designed for operation from 5 to 
150 psi; the solenoid valves will re- 
ciprocate at the rate of 800 strokes 
per min. The A. K. Allen Co. 
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SILICON POWER RECTIFIERS—Illus- 
trated four-page pamphlet provides 
data on both high- and medium-power 
rectifiers. The high-power silicon recti- 
fiers provide up to 35 amp per cell at 
145 C case temperature. Available in 
voltage ratings up to 200 volts PIV. 
The medium-power silicon rectifiers 
provide up to 20 amp per cell at 125 
C case temperature. Available in volt- 
age ratings up to 200 volts PIV. Fea- 
tures of both series include reliability 
at high temperature, high-power han- 
dling ability and efficiency up to 90 per 
cent at full ratings. Transitron Elec- 
tronics Corp. 


Circle No. 146, Reader Inquiry Service Cards 
preceding back cover 


PLATED WIRE CHARACTERISTICS— 
Specifications and characteristics of 
Nickelply and Brassply electro-plated 
steel wires are described in a new 8- 
page illustrated booklet. The wires are 
drawn and plated with nickel or brass 
coatings that do not separate from the 
base metal under severe twisting, bend- 
ing, flattening or roll-threading opera- 
tions. They are used by fabricators of 
a wide variety of wire goods, including 
electrical connections where high am- 
bient temperatures and corrosion are 
factors, on switch parts, vacuum tube 
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Gyonre of rockets swooshing heavenward 
become more and more familiar as we 







































thumb through today’s industrial publications. 
The recalcitrant rocket shown on this page 
indicates that things can go wrong in research, 
and we don’t claim that the absence of a 
Sanborn oscillographic recording system some- 
where along the line was the reason for this 
disappointing trajectory. 

What we do wish to say is that Sanborn 
equipment is playing an increasingly vital part 
in rocket development. Used in the laboratory 
to record flight behavior simulated by analog 
computers, and in plotting rooms at testing 
bases to tape down telemetered data, Sanborn 
*"150’s’”” are helping rockets to get and stay 
where they belong. 

You can see Sanborn systems in many 
other places, too. Oil fields, electronic com- 
ponent production lines, machine tool plants, 
hydraulic testing laboratories, numerous air- 
craft manufacturers, computing facilities... 
are putting single to 8-channel Sanborn systems 
to work. (Most are housed in vertical mobile 
cabinets, while those in the ‘“‘field’’ are often 
divided into portable packages for each instru- 
ment.) All of them give their users inkless, 
permanent recordings in true rectangular co- 
ordinates, one percent linearity, as many as 
nine chart speeds, and the efficiency (and 
economy) inherent in Sanborn unitized design. 
A dozen different plug-in preamps further 
extend their value, by making change- 


over to new recording inputs a quick gS A a) ron oO cond Na : 
and easy procedure. a 


CAMBRIDGE 39, MASSACHUSETTS 










Which way rockets are going may 
not be a primary concern of yours. 
But if recording problems are, 


you're apt to find some interesting 





and useful answers in Sanborn's 
2-, 4-, 6-, 8-CHANNEL 16 page “150 System" catalog. 
8-, 6-CHANNEL 4-CHANNEL 2-CHANNEL 1-CHANNEL ANALOG COMPUTER SYSTEMS 





Write to us for a copy. 
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up in 
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winding 





+) eel 
SS 
problems? (7 ix = = 
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++ YOU need 
the new 


UNIVERSAL 
TOROYD = SAE 
WINDING ee 
MACHINE AVE 


Ten times faster than hand 
winding . . . saves precious time 
and money. Highest accuracy, 
tight, even winding, simple 
operation, no wire breakage. 

Six Models from small to 
super-size coils in wire sizes 


from #40 to #3. Complete elec- 
trical instrumentation. 


Custom adaptations to special 
requirements. 


Write Today for your Catalog of 
Universal Wire and Tape Winders. 





UNIVERSAL 


Universal Manufacturing Co., Inc. 


418 Hillside Avenue, Hillside, N. J. 
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grid supports, lamp filament supports, 
etc. When used for springs, it elimi- 
nates need for post-plating and “bridg- 
ing” of the plating. National-Standard 
Co. 


Circle No. 147, Reader Inquiry Service Cards 
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POWER TRANSMISSION EQUIPMENT 
—Four-page pamphlet covers Pioneer 
steel shaft hangers, hanger bearings, 
split journal bearings, heavy rigid 
pillow blocks, and Hallowell solid and 
split cast-iron collars. Individual tables 
for each item show principle dimen- 
sions, weight and shaft sizes accom- 
modated by each. Isometric drawings of 
shaft hangers, journal bearings and 
pillow blocks are included. Standard 
Pressed Steel Co. 
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AIRCRAFT SWITCHES—Entitled “En- 
closed Switches for Airborne Equip- 
ment.” 24-page catalog provides data on 
twelve different families of precision, 
snap-action aircraft switches. In all, 
over seventy different enclosed switches 
are described. Among them, environ- 
mental-proof, hermetically sealed, high- 
temperature, and enclosed multi-circuit 
switches. Also available are switches 
that have “JAN,” “AN” and/or “MS” 
approval. Many of the switches covered 
are available in a variety of actuator 
designs and contact arrangements. 
Micro Switch, A Div. of Minneapolis- 
Honeywell Regulator Co. 
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SHADED-POLE MOTOR—Particularly 
useful in a home with refrigeration 
equipment, 2-pole shaded-pole unit 
bearing motor, described in a two-page 
bulletin features unit bearing construc- 
tion with permanently sealed-in lubrica- 
tion. Lubricant is sealed in and will 
not leak out in shipment or in actual 
use. Interesting construction feature is 
a special mounting flange for fan 
blades, blower wheel or mechanical at- 
tachment. Unit can also be supplied 
with conventional shaft extension. Loyd, 
Scruggs Co. 
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SILICON RECTIFIERS—Mass-produced 
Type M silicon rectifiers—described in 
Design Notes No. 1—have voltage rat- 
ings from 100 volts peak inverse to 
400 volts peak inverse at a rated load 
current of 500 milliamp d-c. Mounting 
by end ferules that fit standard fuse 
clips provides not only easy installation 
but practical field service where re- 
quired. Polarity is indicated by a 
grooved ferule that matches the clip 
arrangement in the holders. Also avail- 
able is the MC series with a ceramic 
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PO WW E RS TAT’ Variable Transformers 





for heavy duty applications 


As the leader in its field, The Superior Electric Company 
offers the widest selection of variable a-c voltage con- 
trol apparatus. Standard POWERSTATS are available in 
ratings from 150 to 160,000 volt-amperes. For heavy 
duty requirements, POWERSTATS in gangs of 6, 8, 9, 12, 
15, 18 or more provide the same fast accurate adjust- 
ments to fractions of a volt as the smallest rated unit. 


Generally, heavy duty POWERSTATS are motor- 
driven for effortless control from remote “raise-lower” 
switches or positioner stations. Standard heavy duty 
POWERSTATS are supplied for single or three phase; 120, 
240 or 480 volt service with current ratings up to 400 
amperes. 


For more information on POWERSTATS for heavy duty applications, use the coupon below. 


‘a7 
Be sure to see Superior Electric’s 
MOBILE DISPLAY when it 

is in your area, 





Offices: Los Angeles, California . San 
Francisco, California «¢ Toronto, Ontario, 
Canada « Miami, Florida ¢ Chicago, Illinois 


Baltimore, Maryland « Detroit, Michigan PENCE eu 

New York, New York ¢ Cleveland, Ohio i 

Dallas, Texas ° Seattle, Washington Company ips adh Meld 
Ss WSs s,s 
City 
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THE SUPERIOR ELECTRIC company 


801 MIDDLE STREET, BRISTOL, CONNECTICUT 


Please send your POWERSTAT Bulletin P856G 
Have your representative call [] 








PLATINUM 


PALLADIUM RHODIUM IRIDIUM 


OSMIUM 


RUTHENIUM GOLD SILVER 


j SILVER POWDERS...99.99+% pure 


TO SPECIFICATIONS AND WITH 


TROUBLE-FREE j 


| UNIFORMITY-CONTROLLED FOR 4 


SINTERED CONTACT PRODUCTION 





APW high-reliability silver powders elim- 
inate the major cause of complication in 
sintered contact manufacture. For smooth, 
uninterrupted production, rely upon the 
high degree of uniformity that is a war- 
ranted feature of our silver powders. 

APW processes assure precise conform- 
ity to your specifications and absolute uni- 
formity through full series of production 
batches. Each stage in our process is close- 
ly controlled to critical standards of uni- 
formity—each batch is lab tested as well— 
certified for bulk density, flow, purity and 
screen analysis. 

Here, facilities for the production of 
silver powders, wire and strip made from 
sintered mixtures to your specifications are 
modern and extensive. Service is excellent. 


ENGINEERING SERVICE: 

Do call or write if you would like fur- 
ther information or engineering assistance. 
We will be very pleased to hear from you 
and to offer our services. * * 


Established 1875 


A PARTIAL LIST OF 
INDUSTRIAL SILVER PRODUCTS: 


SILVER-PALLADIUM ALLOYS 


SILVER POWDERS 
(Up to 99.99% pure) 


SILVER SOLDERS AND 
BRAZING ALLOYS 


SILVER ANODES 
(Extruded or rolled) 


SILVER SINTERED METALS 
SILVER WIRE 
SILVER STRIP 
SILVER FOIL 
SILVER CONTACT ALLOYS 


SILVER ALLOYS TO 
SPECIFICATION 


THE AMERICAN PLATINUM WORKS 


231 NEW JERSEY RAILROAD AVENUE * 


ENCELHARO I(NOUSTRIES ) 
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NEWARK 5, NEW JERSEY 


body instead of plastics; the cells are 
processed to higher reverse resistances. 
Sarkes Tarzian Inc. 
Circle No. 151, Reader Inquiry Service Cards 
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CASTING ALLOYS CHART—Large wall 
chart (17 x 22 in.) describes brass, 
bronze and nickel silver casting alloys. 
Data are provided in tabular forms on 
37 standard alloys, presenting informa- 
tion on their Navy, S. A. E., A. S. T. M. 
and Federal specifications, as well as 
the chemical composition by percent- 
ages of ingredient metals. Henning 
Bros. & Smith 
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MOLDED PLASTICS MANUAL—Fight- 
page manual on molded plastics for 
electrical equipment, appliances, and 
various industrial applications dis- 
cusses the advantages of molded plas- 
tics and contains case histories ranging 
from washing machine agitators to 
searchlight lens. Briefly evaluated are 
the characteristics of thermosetting and 
thermoplastic materials. Brief defini- 
tions explain the difference between 
compression molding, transfer molding 
and injection molding. The Richardson 
Co. 
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GENERAL-PURPOSE 
pages of publication number GEA- 
6372 are devoted to descriptions of 
magnetic starters, reduced-voltage start- 
ers, pushbuttons and relays. Additional 
items reviewed in text and illustrations 
include limit switches, solenoids, pres- 
sure and vacuum switches, as well as 
pressure governors, float switches and 
plugging and anti-plugging switches. 
Information is provided on such head- 
ings as: What It Is; How It Works; 
and What’s Available. General Electric 
Co. 
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CONTROLS—32 


CONDENSED PLASTICS REFERENCE 
FILE—Revised 1957 edition of the “Con- 
densed File of Bakelite 
Plastics” provides data on polyethy- 
lenes, vinyls, phenolics, styrenes, epox- 
ies and polyesters. Company supplies 
six of the major types of plastics in 
50 different forms. More than 80 photo- 
graphs and sketches illustrate typical 
uses of the materials. Bakelite Co., 
Div. of Union Carbide and Carbon 
Corp. 


Reference 
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FLUXES—Data on a mild acid flux, a 
non activated rosin flux, and an acti- 
vated rosin flux are contained in a 
one-page bulletin sheet complete with 
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Qe'handling one of 
you miniatwizarion, 
pollen ¢ 


Ti hase win senitinge 


your miniaturized assemblies at lower cost 


Solve the big problems of small assemblies by letting 
Elgin produce them for you at lower cost. Elgin puts the 
highly trained people and specialized facilities needed 

to handle miniaturized components at your service. 


After all, miniaturization has been our business for years. 


Read about Elgin’s ‘Practical Miniaturization”. Our 
booklet tells how Elgin has helped others . . . how 
Elgin can help you. Write today for your copy. 





ELGIN NATIONAL WATCH COMPANY 


MICRONICS DIVISION e ELGIN, ILLINOIS 
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Just match your average load. . . 
let silicones carry the overloads 


If you specify horsepower to equal “peak overloads,” 
your motors work at full rated capacity only part of the 
time — you're paying for unused horsepower. Today, 
silicone insulation has outmoded this kind of wasteful 
over-motoring. Motors insulated with Dow Corning 
Silicones have a service factor of 25 to 50% ...so now 
you can merely match your average load, and let this 
built-in service factor handle intermittent overloads. 


Lower your motor costs! For every dollar wasted on 
unused motor capacity, you spend an additional $3 
for starters, cable, transformer capacity and installa- 
tion. Silicone insulated motors save you real money! 


Boost your production! Motors insulated with Dow 
Corning Silicones have much greater resistance to 
heat, moisture, and corrosive atmospheres . . . assure 
more continuous production. 


Remember, over-motoring is outmoded 


Get sources for silicone insulated equipment—mail coupon today 


Dow Corning Corporation, Dept. 4513a Midland, Mich. 


Please send me sources for Silicone insulated 
[] Motor (] Transformers [] and Reprint 
“New Developments in Silicone Insulation.” 


~- TITLE 
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SILICONES 


DOW CORNING CORPORATION 
MIDLAND, MICHIGAN 
ATLANTA * CHICAGO + CLEVELAND + DALLAS + DETROIT 


Wasted 
ESO nTes 


The Philip Sporn plant on the American Gas and 
Electric System installed its first silicone insulated motor 
a 1000 hp, 1190 rpm forced 
draft fan motor built by the Elliott Co. 


over 6 years ago... 
Smaller and 
less costly to install than an equivalent 1500 hp con- 
ventional motor, this unit has been operating in 
ambient temperatures up to 120F without a sign of 
failure to date. Starting against cold air 4 times a 
day, it is overloaded by 30% bringing its total rise to 
250 F with an output of 
1300 hp. This kind of de- 
pendable performance has 
led American Gas and 
many other leading utili- 
ties to standardize on sili- 
insulated 


cone auxiliary 


motors. 








DOW CORNING 


LOS ANGELES + NEW YORK * WASHINGTON, D.C. (Silver Spring, Md.) 


CANADA: Dow Corning Silicones Ltd., Toronto 
GREAT BRITAIN: Midland Silicones Ltd., London 
FRANCE: St. Gobain, Poris 
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brief descriptions, suggested applica- 
tions and applications. Additional in- 
formation is available on packaging. 
Delivery is from stock. Accurate Spec- 
ialties Co., Inc. 
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PUSH-PULL REMOTE CONTROL—Com- 
plete data on Controlex push-pull re- 
mote control systems are detailed in an 
illustrated four-page folder. The control 
consists of a solid flexible stainless steel 
blade moving between rows of stainless 
steel balls and housed in a flexible 
tubing. Said to be 97 per cent efficient, 
the control is a ball-bearing, mechan- 
ical, push-pull control in which the fric- 
tional load is said not to increase with 
the applied load. Of all stainless steel 
construction, the control requires no 
lubricant. Controlex Corporation of 
America. 
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SUBMINIATURE BLOWERS—Featuring 
a new built-in adjustable motor brush 
bracket for positive settings, miniature 
blowers described in an illustrated 2- 
page data sheet feature generous air 
delivery, quiet operation, and accurately 
balanced 10-blade fans. Drive motor 
can be furnished with  self-aligning 
sleeve or ball bearings. Data on speed, 
noise filter, connections and motor are 
among the design features treated. 
Curves and specifications are given. 
Heinz Mueller Engineering Co. 
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CONTINUOUSLY VARIABLE DELAY 
NETWORK—To meet need for a vari- 
able time delay with absolute stability. 
no time jitter, and for precision trigger- 
ing systems, as well as for use in 
computers and other equipment, the 
Type 801 continuously variable time 
delay network has a total time delay of 
over 1000 microsec. Incremental time 
delay is less than 8x10™* sec (0.08 
millimicrosec). Temperature coefficient 
is less than 0.005 per cent per deg C. 
Construction features and specifications 
are supplied. Advance Electronics Lab, 
Inc. 
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ALL-WEATHER RERATED MOTORS— 
Bulletin describes new series 254-U all- 
weather rerated motors featuring a 
specially treated corrosion resistant 
steel housing and integral metal and 
cast iron parts that are also given an 
anti-corrosion treatment. External de- 
sign protects internal parts against 
entry of debris and other fine objects. 
Other features include Mylar laminated 
rag paper insulation for use in slot 
cells. Series of cutaways used show why 
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LOOK TO TOBE FOR PROGRESS 
AARNE IR 


electronic 
interference 
filters 


TOBE brings unequalled experience to 
the solving of your filtering prob- 
lems. TOBE’S advanced design- 
techniques, and the technical data 
accumulated by TOBE filter special- 
ists over the years, meet your prob- 
lems with solutions that are quicker, 
more efficient, and more reliable. For 
all your filtering needs, look to TOBE 
DEUTSCHMANN, the oldest name in 
interference filters. 


TOBE FILTERETTES, available in wide 
range of ratings, sizes and mounting 
styles, are engineered to operate 
under the most severe environmental 
conditions. 


speg 





Tobe Exclusives: 


Feed-thru capacitor construc- 
tion in filterettes. 


Miniaturization with maximum 
quality. 


Guaranteed attenuation char- 
acteristics—under full-load op- 
erating conditions. 


We invite inquiries on specific 
applications. The services of 
our engineers are always avail- 
able. Write TOBE-DEUTSCHMANN 
Corporation, Norwood, Mass., 
the acknowledged authority on 
electronic interference — manu- 
facturers of “FILTERETTES”. 


TOBE DEUTSCHMANN 


BACK COVER 


TERETTES 


CAPACITOR PIONEERS SINCE 


1929 
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These PILOT LIGHTS 


give you 


180° VISIBILITY — tui 


for the most effective indication : = 














| Seema “ 


plus 
BUILT-IN RESISTORS 


(a patented Dialco feature) 
for operation on 105-125V. or 210-250V. 
The required RESISTOR is an integral part of 
the unit — BUILT IN (Pat. No. 2,421,321). 


Also, simple external resistors for all higher voltages. 


Every assembly is available complete with lamp. For rt oe 
SAMPLES ON REQUEST AT ONCE — NO CHARGE Choice of fluted or clear 
caps; binding screws or 
FREE Brochure on “Selection and sabiaiied a 
Application of Pilot Lights” 


Available for both 9/16” 
and 11/16” mounting 


Also write for our latest Catalogues. 
rattles lee 





Foremost Manufacturer of Pilot Lights 






















se CORPORATION 
»~ "60 STEWART AVE., BROOKLYN 37, N.Y. © HYACINTH 7-7600 


TINNED ARMATURE BANDING WIRE 


—Stainless or Carbon Steel 


STAINLESS * The many superior qualities of 
PAGE Stainless Tinned Armature Banding Wire 
have made it the choice of leading motor manu- 
facturers. PAGE superior tinning facilitates solder- 
ing. It has high tensile strength (200,000 psi and 
up) for compactness...low permeability and high 
resistance for greatest efficiency. It is non-corro- 
sive for safety and long life. More economical than 
bronze, as smaller diameter can be used. 


CARBON STEEL « Inexpensive tinned banding wire for 
lower-priced motors. Available in three grades: A, B, and C1. 
The high strength of C1 is an advantage where light weight 
must be achieved. 


All above wires shipped on 50-to150-pound reels 
Wire or Write our Monessen, Pa., office for full information 


Page Steel and Wire Division 
AMERICAN CHAIN & CABLE 


Monessen, Pa., Atlanta, Chicago, Denver, Detroit, Houston, 
Los Angeles, New York, Philadelphia, Portland, Ore., 
San Francisco, Bridgeport, Conn. 


PLANT AT 
BROOKLYN, WN. Y. 
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motor can be installed anywhere in any 
environment. Additional information in 
the rerated frames 254-U and larger 
are provided. Robbins & Myers, Inc. 


Circle No. 160, Reader Inquiry Service Cards 
preceding back cover 


CONTINUOUSLY ADJUSTABLE AUTO- 
TRANSFORMER — Construction details 
and design advantages of the Variac, a 


| continuously adjustable autotrans- 


former, are presented by means of text 


| and illustrations in a 24-page catalog. 


Details are provided on Duratrak, a 
special contact surface for great reli- 
ability, less maintenance and longer 
life. This contact surface is said to elimi- 


| nate oxidation problems involved in the 


use of a carbon brush and bare-copper 
contact. Features of the new Type W 
are discussed, General Radio Co. 


Circle No. 161, Reader Inquiry Service Cards 
preceding back cover 


MATERIALS CHART — Comparator 
chart, listing property values of lami- 


| nated plastics and vulcanized fiber is 


designed to aid design engineers in 
selecting the best material for a given 
application. Thirty-four basic grades of 


| company’s vulcanized fiber and Pheno- 


lite laminated plastics are compared. 
Twenty-three material property ratings 
are given for each grade. Materials are 
rated as excellent, good, fair and poor. 
In addition, the chart gives the compar- 
ative prices for each grade, permitting 
a reasonable cost analysis to be made. 
National Vulcanized Fibre Co. 


Circle No. 162, Reader Inquiry Service Cards 
preceding back cover 


FLUID DRIVES—Designed for constant- 
speed “hard-to-motor applications” 
Gyrol fluid drives possess the advan- 
tages of low starting current require- 
ments, overload protection, shock ab- 
sorption and controlled acceleration. 
Bulletin 9119 explains fluid drive prin- 
ciples and contains typical performance 
curves. Ratings: 14 to 25 hp. American 
Blower Corp. 


Circle No. 163, Reader Inquiry Service Cards 
preceding back cover 


SILICONE PRODUCTS GUIDE — 1957 
Reference Guide to Dow Corning Sili- 
cones provides data on almost 150 
commercially available silicone prod- 
ucts, including several that were de- 
veloped this past year. Products are 
grouped by usage (dielectrics, etc), 
enabling engineer to locate material by 
what it does as well as by what it is. 
Dow Corning Corp. 


Circle No. 164, Reader Inquiry Service Cards 
preceding back cover 


FIXED COMPOSITION RESISTORS—Re- 
designed, re-engineered Type BT resis- 
tors make available improved perform- 
ance and increased dependability in 


fixed composition resistors said to 
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thiS.acs 
in 3/5 of a 


second !° 


Two elements—the rugged, inexpensive FINGRIP, and 
the fully automatic, easily-loaded TERMATIC —form 
the new Burndy FINGRIP METHOD, permitting a speed 
and ease of uniform electrical termination never 
before possible. NO PEDALS OR LEVERS TO PRESS, 
j and no pre-positioning of wire necessary—insertion 
j of the wire end actuates the TERMATIC, virtually 
j eliminating rejects and minimizing operator fatigue. 
The machine is quickly and easily loaded 
(less than 15 seconds) and is completely enclosed 
for operator's protection. The FINGRIP, an inexpensive, 
quick-disconnect terminal, has FOUR individual 
pressure elements—permitting greater flexibility and 
abuse without damage. Write Omaton Division, 
BURNDY, Norwalk, Connect. for general information 
or for solutions to specific terminal problems. Our en- 
gineers are always available for personal consultation. 


*6000 per hour by actual customer test. 


Lae " BSG 
OQmaton Division, BURNDY e¢- Norwalk, Connect. ¢ Toronto, Canada e- Factories: New York, Calif., Toronto 
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clear the 


air for 


production 


Dust produced by grinding, chipping 
and similar operations is removed as created 
by down draft dust control systems, 


pioneered by Kirk & Blum. 


Whatever your problem in industrial 

dust control, call on Kirk & Blum, an organization 
of engineers and mechanics with 50 years’ 
experience in this specialized field. 


Write for complete information. 
The Kirk & Blum Manufacturing Co., 
3122 Forrer Street, Cincinnati 9, Ohio 
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meet MIL-R-11B. Bulletin B-1A points 
out their low operating temperature and 
excellent power dissipation and such 
construction features as full insulation. 
Additional data are provided on solder- 
ability, color coding, resistance values 
and other properties and characteris- 
tics. International Resistance Co. 


Circle No. 165, Reader Inquiry Service Cards 
preceding back cover 


STAINLESS STEEL BAR AND WIRE— 
Illustrated folder describes various 
standard and special grades of stainless 
steel bar and wire. Included are special 
grades 17-4 PH, 17-7 PH, ELC and 
stabilized alloys. Information is also 
provided on free machining stainless. 
17-14 Cu Mo, 22-4-9 stainless and 17-10 
P stainless. Armco Steel Corp. 


Circle No. 166, Reader Inquiry Service Cards 
preceding back cover 


TOROIDAL WINDING MACHINE — 
Designed for the production of single- 
turn precision potentiometers of linear 
and nonlinear function, the toroidal 
winding machine (Type B) described 
in an illustrated brochure is produced 
to provide the high-precision potentiom- 
eter windings required for sensing, 
computing, and control instrumentation. 
Independent linearity of a typical 3-in. 
diameter toroid is 0.05 per cent. 
Proportionate accuracy in nonlinear 
windings is obtainable, subject only to 
the accuracy of the information source. 
Specialties, Inc. 


Circle No. 167, Reader Inquiry Service Cards 
preceding back cover 


TRANSISTORIZED AND  TUBELESS 
EQUIPMENT — Transistor test equip- 
ment, power supplies and packaged 
circuits are among the equipments re- 
viewed in an illustrated catalog that 
also provides data on miniaturized 
components, tubeless power supplies 
and constant current generators. Cus- 
tom design supplies are also available. 
The test equipments include models for 
a variety of requirements including 
dual transistor supplies, laboratory sup- 
plies, noise figure calibrators and com- 
parison testers. Electronic Research 
Associates, Inc. 


Circle No. 168, Reader Inquiry Service Cards 
preceding back cover 


EXTRA-STRENGTH, MEDIUM-IMPACT 
PLASTICS—-Durez 13124 black is a two- 
step, flock-filled, extra-strength medium- 
impact material in nodular form. It 
performs in automatic machines and 
both compression and plunger molds 
with equal facility. Parts have an un- 
usually good molded finish for an 
impact type compound. Typical applica- 
tions are instrument cases, machine 
housings, solenoid housings, trans- 
former covers, automotive switch parts. 
Four-page bulletin contains details and 
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New Varnish and Wire Enamel Stable at Hot 
Spot Temperatures of 150°C 


Now you can raise motor or transformer output up to 25% without 
increasing their size or make them smaller and maintain their 
ratings. Schenectady’s new Isonel varnish for coil impregnation 
and Isonel enamel for magnet wire insulation withstand hot spot 
temperatures of 150°C—make possible complete Class B systems. 
For example, Isonel varnish retains its physical and electrical 
characteristics after heat aging for 2500 hours at 200°C. That is 
equivalent to 10 years at 130°C!! Similarly, samples of Isonel 
enameled wire with two coats of Isonel varnish, had not failed 
dielectrically after 2600 hours at 200°C. 

Isonel enamel/varnish systems are ideal for Class B motors, dry 
or oil-filled transformers. To find out how these new materials 
can help you, fill in and mail the coupon below. 


Synthetic Resins and Varnishes for Industry 








VARNISH COMPANY, INC. 
Schenectady, N. Y. 


In Canada, Schenectady Varnish Canada Ltd. Scarboro, Ont. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


SCHENECTADY'S ISONEL MATERIALS 
RAISE MOTOR EFFICIENCY 25% 


SEND FOR 


EXAMINATION under magnification of “pig- 
tail’ 


of Isonel enameled wire, shows no 


cracks after aging at 175°C for 1680 hours. 
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Lach teeter 


HEAT LIFE data shows Isonel varnish 
has 7 times life of Class A varnish. 


COMPLETE DETAILS 


Schenectady Varnish Co., Inc. 
Section E-711 
Schenectady 1. N. Y. 


Please send information on your Isonel 


materials. 


Have your representative call. 


My interest is 


Name 


Company 


Street 
City 











case histories. Durez Plastics Division, 
Hooker Electrochemical Co. 


Circle No. 169, Reader Inquiry Service Cards 
preceding back cover 


/npvancé HERE'S THE RELAY | 


THEY’RE TALKING ABOUT 


ELGIN’S NEOMITE 
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NONFERROUS ALLOYS Thirty-six- 
page catalog points out how fabricator 
can meet requirements for phosphor 
bronze, nickel silver, beryllium copper 
and Cupro nickel. Application data as 
well as complete specifications for the 
| various available alloys are presented, 
together with useful capsule reference 
material. Also included are a glossary, 
an explanation of “temper” and decim- 
| al-equivalents and other tables. The 
| Riverside Metal Co.. Div. of H. K. 
Porter Co., Inc. 


Circle No. 170, Reader Inquiry Service Cards 
preceding back cover 














Designers are excited about the unique 
advantages of Elgin’s new NEOMITE 
Relay. It’s the world’s smallest, weigh- 
ing just .09 ounces, and requires only 
100 milliwatts of power to open and 
close electrical circuits. There’s 
nothing like it for size or per- 
formance ...and now 
they’re available from 


! DOUBLE-COATED TAPE — Advantages 
leading distributors. 


of two double-coated tapes are discuss- 
ed in an illustrated brochure complete 
with application data. The tapes, which 
have adhesive on both sides, are used 
in many holding, splicing and bonding 
| operations. Entitled “Double-Coated 
Tapes,” the brochure provides technical 
data, characteristics and performance 
specifications for both paper and cloth- 
backed tapes. Johns-Manville Dutch 
Brand Div. 


Circle No. 171, Reader Inquiry Service Cards 
preceding back cover 


ACTUAL SIZE 
relat Ress 
x 0.530 


x 0.195 


high 


SPECIFICATIONS 

Relay Type NMIC 50 NMIC 200 NMIC 500 = NMIC IK NMIC 2K LOCKNUTS—An eight-page condensa- 

D. C. Coil ] tion of a standard 144-page catalog of 

(10% @ P50. Ohms «200 Ohms 500 Ohms 1000 Ohms 2000 Ohms ee ne See ee Seer 

20°C) ) | tions includes hexagon nuts ranging in 
_ 1 3 in.: 12 Poi Nuts 

Coil Voltage 3-5V.D.C. 6-10 V.D.C. 9-15 V.D.C. 12-21 V.D.C. 18-30 V.D.C. oor Peis : ms ? — oe 

Pickup 44 MA Max, 22MAMax. 14 MA Max. 10 MA Max. 7 MA Max. a a a es 


Huglock and Marsden locknuts rang- 








Midget Antenno 
AM Series LE & LH Series CB Series 
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Duty: Continuous 

Dropout: 30 to 60% of pickup 

Contact Rating: .25 AMP at 28 V.D.C. 
resistive load 

Operation Time: 4 milliseconds max. @ 
rated voltage 

Dielectric Strength: Sea level: 500 ‘V 
RMS. High altitude: 500 V RMS 


Shock: Shock test: 50 G. without 
damage 

Vibration: 10 G to 500 cps 

Contact Arrangement: SPDT Form C 

Ambient Temperature Range: — 55°C 
to +85°C 

Life: 1,000,000 operations at rated load 

Contact Resistance: .05 Ohms 


YOU'LL FIND WHAT YOU WANT IN 


ELGIN’S ADVAN 


latching 





Coaxial 


CE RELAY LINE 





Power Control! 


Power Transfer 
PC Series PY Series 


. . . its the most complete line of relays to meet almost every 
need. And they’re available from stock at leading distributors all 
over the country. Write today for catalog information. 


Elgin, illinois 


) ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 


ing from 14 to 1% in. Locking princi- 
ples are discussed in detail and appli- 
cation recommendations included. Na- 
tional Machine Products Co. 


Circle No. 172, Reader Inquiry Service Cards 
preceding back cover 


SMALL HIGH-CURRENT SILICON REC- 
TIFIERS—Capable of handling 10 kilo- 
watts in a three-phase bridge circuit, 
small high-current silicon rectifiers are 
the subject of a new brochure, publica- 
tion No. ECG-148A. Discussed are ap- 
plications of the unit in automation 
equipment, computers, machine tools 
and electrically operated machinery, 
among others. Design recommendations 
and useful curves are provided. General 
Electric Co. 


Circle No. 173, Reader Inquiry Service Cards 
preceding back cover 


Postcard return cards are provided pre- 


ceding back cover as a convenience to 
the reader in obtaining further infor- 
mation on— 

New Components and Materials 
Literature for the Design Engineer 
Feature Article Reprints 

Advertised Products 
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THE BASE of a Huntercraft Candelabra Model 8008 (shown below) requires, with Formbrite, only a finish buff. The base is formed in 
two drawing operations. The deeper drawn candle cups, also of Formbrite, need only a light cutting with Tripoli and a finish buff. 


It’s easy to get a jeweler’s finish with Formbrite 





HUNTERCRAFT Table or Wall Candelabra 
Model 8008, one of 30 fine brassware items 
in the line of Huntercraft Originals. 


HE production of Huntercraft Orig- 
le ae a nationally distributed 
line of fine brassware—has grown from 
a basement hobby to a thriving new 
business in less than 5 years. 

The Hunter Machine Service Com- 
pany of Racine, Wisc., began manu- 
facturing Huntercraft Originals on a 
commercial scale in 1951, using ordi- 
nary soft forming brass. To get the 
gleaming jeweler’s finish required, pol- 


‘Formbrite cut polishing cost and time dramatically—was 


a major factor in keeping our small business alive... and 


growing,” says Ralph E. Hunter of Huntercraft. 


ishing time and costs were high. In 
fact, they were so high that the young 
company found it impossible to bring 
their prices into line with competition. 
In 1953, they tried Formbrite 
Anaconda’s superfine-grain drawing 
brass. The polishing bottleneck was 
broken and production soared — unit 
costs went way down. According to 
Ralph E. Hunter, owner and president 
of Hunter Machine Service Co., Form- 
brite was a major factor in keeping the 
company alive and enabling it to go 
on to become a stable, growing busi- 


MUD * 


2 


ness. The finish obtained so easily on 
Formbrite, he adds, is superior to that 
achieved on ordinary drawing brass. 
Formbrite is a premium product at 
a nonpremium price. Find out for 
yourself how its superfine-grain, excel- 
lent drawing properties, strength, and 
scratch-resistance can help you make 
a better product at lower cost. Write 
for Publication B-39. Better yet, ask 
for a sample or a trial batch. Address: 
The American Brass Co., Waterbury 
20, Conn. In Canada: Anaconda Amer- 
ican Brass Ltd., New Toronto, Ont. 


SUPERFINE-GRAIN DRAWING BRASS 


an ANACONDA product 


made by The American Brass Company 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Low Cost, Easy Way 
To Hold Electrical 
Fittings On Machinery 





UDEAL SIMPLET 
HUB-LUGS 


@ Meet N.M.T.B.A. and J.1.C. recommen- 
dations. 


@ A simple, quick way to assure a mois- 
ture-proof, strong, rigid, durable 
mounting of fittings in electrical con- 
tro! and operating systems. 


@ Stops costly time and labor consuming 
practice of drilling holes in fittings. 


@ Provides positive seal of electric system 
against shorts, equipment breakdown. 
@ The only safe mounting method that 
assures top-quality machine perfection. 


MADE ONLY TO FIT THE 


SIMPLET 


Rectangular and FS, FD fittings 


Cover Screws in 
corners, no lugs to 
interfere 


Ground surfaces pro- 
vide perfect cover 
and gasket seal 


a 







Big wiring space 

means more working area 
Threaded types in a wide variety 
of hub styles and covers .. . 
from V2" to 4” for conduit. 


FOR COMPLETE DETAILS SEE YOUR WHOLESALER, 
OR WRITE 


QDEAL 


IDEAL-SIMPLET FITTINGS, 


A Subsidiary of Ideal Industries, Inc. 
1008 Park Avenue, Sycamore, Illinois 


Inc. 


Manvufocturers of: Rectangular, FS and FD, 
Round Fittings ®@ Vap-Oil-Tite Connectors © 
Ferrules 
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Editorial Reprints 





As manuscripts are projected for pub- 
lication in each issue of ELECTRICAL 
MANUFACTURING, the board of editors 
determines which editorial articles are 
to be made available to readers in re- 
print form. 

Available reprints of articles in this 
and previous issues are briefed here. 
Any regular ELectricaL MANUFACTUR- 
ING reader qualifies for one copy of all 
single-article reprints, without charge. 

The numerals shown in reprint list- 
ing correspond to the number shown 
on postcards incorporated in the Reader 
Inquiry Service Cards facing back cover 
page. Readers should circle those num- 
bers indicating the reprints desired. 


lf multiple quantities of these re- 
prints are desired, the rates to govern 
are indicated. Remittances must ac- 
company all orders. Larger quantities. 
special] quotation. 


eS 





Cost of 

Single Subject Reprints 
No. of Number of pages 
Reprints 4-12 16-32 
1 Gratis Gratis 
5 $2.00 $3.75 
10 3.50 6.00 
25 7.50 12.50 








REPRINTS NOW AVAILABLE 


Static D-C References for Closed-Loop 
Controls, January 1957, 12 pages. 
Describes in fundamental terms the 
operation of voltage-regulator cir- 
cuits using magnetic amplifiers, 
silicone diodes and __ transistors. 
Simple equations are derived for 
use in actual design of reference- 
voltage sources and in examining 
the performance of the completed 
circuit. (208) 

Resistor Evaluation for Critical Ap- 
plications, January 1957, 8 pages. 
Techniques for determining toler- 
ance, stability, and stamina require- 
ments, and for derating available 
resistors of various types for specific 
applications. Examples are based on 
resistors manufactured to specifica- 
tion MIL-R-10509A. (207) 


Magnetic Materials Push Back Design 
“Stops”, January 1957, 20 pages. A 
five-part staff report on the com- 
mercial significance of new or im- 
proved Permanent Magnets, Soft 
Magnetic Materials, Ferrites and 
Thin Films; Test Methods and Ap- 
paratus and Devices and Compo- 
nents disclosed at the second 
national AIEE Conference on Mag- 
netism and Magnetic Materials. 

(206) 

Encyclopedia of Insulating Materials, 
December 1956, 12 pages. The 
organization and basis of a compre- 
hensive manual on electrical insulat- 
ing materials being developed 
under sponsorship of the Inter- 
national Electrotechnical Commis- 
sion. The manual (called officially, 
“encyclopedia”) is geared to current 
broad developments and aimed to 
facilitate the practical engineering 


specification of such materials for 
optimum design use. Examples of 
detailed group charts of compara- 
tive properties from the proposed 
encyclopedia are reproduced (202) 


Amplifier-Less Synchro System, De- 
cember 1956, 8 pages. An exposition 
of the general approach being 
chosen by servo designers in an 
attempt to lower the cost of servo 
systems. Described in detail is a 
relay technique eliminating the need 
for servo amplifier, damping net- 
work and servo motor. (205) 


Digital Codes for Numerical Control, 
December 1956, 12 pages. Coding 
techniques for numerically pro- 
grammed machine tools, computers, 
supervisory control and automatic 
data-logging: Baudot printing tele- 
graph code; punched-card system; 
self-checking codes; Gray code; and 
others — plus decimal-binary-Gray 
code conversion. (201) 


Clinch Nuts for Thin Materials, No- 
vember 1956, 8 pages. Selection and 
application factors for self-clinching 
as well as staked-type captive nuts 
for use in thin soft materials such as 
aluminum alloys. Results of torque 
and tensile tests are tabulated for 
various thread sizes and panel 
thicknesses. Effect of installation 
pressure is also discussed and 
shown graphically. (203) 


Magnetic Amplifiers in Power Servos, 
November 1956, 8 pages. Study of 
prototype servo system using mag- 
netic amplifiers for field control of 
two back-to-back 3%-hp servo mo- 
tors for military positioning appli- 
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New Leesona No. 108 Coil Winders (foreground) in the plant of Ram Electronics, 


Inc., Irvington, N. Y., where Leesona Winders have become “ 


standard equipment. 


These were added as best winders for producing short runs of stick-wound coils of 
varying specifications. (Inset) Ram has built an excellent reputation for winding 
quality coils and transformers used in radio and TV equipment. 


RAM standardizes on Leesona coil 
winders...adds No. 108 machines 


These winders help 
maintain highest quality 
standards . . . with good 
production performance 


Ram Electronics, Inc. (Irvington, 
N. Y.) earned its fine reputation by 
adhering to unusually high quality 
standards. 

This reputation, of course, is one 
they intend to keep. So in adding to 
coil winding facilities they picked 


Leesona No. 108 Coil Winders, stand- 
ardizing on Leesona equipment which 
has served them so well in the past. 
To quote Mr. Del Vecchio, plant 
manager: 

“We have come to count on 
Leesona Coil Winders to assure the 
high quality coils we insist upon for 
our products. That’s why any addi- 
tions to our present installation will 
be Leesona winders.” 


The Leesona No. 108 Hand Feed 


Coil Winder was designed specifically 
for complete accuracy, great flexi- 


bility and top production at low op- 
erating cost. 


Investigate 
how Leesona No. 108 Coil Winders 


can perform with great efficiency in 
your plant. The coupon will bring you 
complete details, together with other 
helpful coil winding information. 
Why not check and mail it today? 


23B-5-6 


UNIVERSAL WINDING COMPANY 


P. O. BOX 1605, PROVIDENCE 1, RHODE ISLAND, Dept. 131 





FOR WINDING COILS 
IN QUANTITY... 
ACCURATELY ...USE 


LEESONA WINDING MACHINES 


Please send me 


[} Bulletin on the Leesona No. 108 Hand-Feed Coil Winder. 


[] Bulletin on the new Leesona Pay-As-You-Profit Plans for purchasing or leasing modern 


coil winding machinery. 
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cation (antenna array) indicates po- 
tential application to machinery 
control. (209) 


Research Progress in Dielectrics — 
1956, November 1956, 12 pages. On 
the spot interpretation and review 
of the round table discussions and 
formal papers presented at the 
1956 Conference on Electrical In- 
sulation. Subjects covered include 
dielectric properties of solid and 
gaseous materials; reports on studies 
in electrical breakdown; d-c meas- 
urements; new developments in sili- 
cone and glass materials; trends in 
very high temperature and radia- 
tion-resistant materials; thermal deg- 
radation of materials. Graphs and 
tables included. (210) 
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Actual Size CF-500 


EIMAC 
FINGER STOCK 


RCC mare: 
electrical weather stripping 





| Human Engineering in Equipment 
Design, October 1956, 20 pages. 
A summary review of human engi- 
neering principles and techniques 
based on field surveys and on re- 
search reports both from industry 
and military sources. Among other 
phases of the subject the following 
are discussed: The Design Stages of 
Human Engineering; Man as a 
eas Simple Amplifier; Data Processing 
ENP na a and Systems Analysis; Instrument 
Design; Reliability and Maintain- 
ability; Human Engineering and 
Automation; Human Engineering 
inexpensive, efficient answer to many circuit in Civilian Design; and the Human 
Engineer and the Design Team. 
Design case histories are included. 


Used for efficient electrical contact in (231) 





ce 


as. h..hUmc.LhUO..LCU LOU 


imac preformed finger stock is the 


and equipment design problems 


high-frequency tuning devices, in coaxial tube Applying Miniature Lamps, October 


sockets, for electronic weather stripping 1956, 12 pages. Selection factors 
for miniature incandescent and neon 


around access doors in equipment, and for or argon glow lamps as pilot lights, 


dozens of other purposes, resilient silver- indicators, warning devices, dial 
plated EIMAC finger-stock is outstanding. illuminators: lamp identification and 

| construction; life and voltage rela- 
EIMAC finger stock is accurately heat-treated tionships; temperature limitations; 


to maintain uniform mechanical properties, —- and vieation strength; light 
reflection, transmission and refrac- 


can be fitted around a 12-inch radius, and may tion. (232) 


be fastened by screws, rivets, clamps 
Magnetic Switching Circuits, October 
1956, 8 pages. A typical rectangular 
A size for every need — hysteresis loop is broken down into 
Single eines omied linear sections to develop the 
Edge Width Edge Width —Types mathematical basis for contactless 
CF-100 '% «= CF-200 "4 CF-700 magnetic switches. Includes a sug- 
CF-300 %%  CF-400 1'%%  CF-800 gested circuit for a magnetic 
CF-500 1% CF-600 2% selector switch for thyratron control 


or soft soldering. 


For further information write our | with provision for monitoring the 
Application Engineering Department set state of the magnetic core. 
| (Annotated bibliography included.) 
(229) 

a EITEL-McCULLOUGH, INC. 
era SAN BRUNO CALIFORNIA | Analyzing Relay Networks. September 
The World's Largest Manufacturer of Transmitting Tubes 1956, 8 pages. Switching in a com- 


plex relay network may cause sud- 
den changes in circuit inductances 
that result in spuriously generated 





234 JANUARY 1957 ELECTRICAL MANUFACTURING 











USED IN LEADING ELECTRICAL 


EQUIPMENT 


PHOTO SHOWS STATORS FOR HEAVY- 

TY A-C MOTORS AT LOUIS ALLIS 

7G0., BEING IMPREGNATED WITH 
Se eee See RR ECO 

7 —EXTENSIVELY USED FOR LOUIS 


A ALLIS EQUIPMENT. 


Cut baking schedules...improve solids deposit... 


UP TO 30% AND MORE! 


Cuts baking schedules — Polymerizes 
completely in shorter time—1%2 hours 
at 275°F. for first dip, 3 hours at 275°F. 
following second dip. 


High heat endurance — Class B protec- 
tion at Class A cost — Fully recom- 
mended for Class B temperatures (130° 
C. or 266°F.) Meets military specifica- 
tion MIL-V-1137 A, Type M. 


Protects against insulating oils — Pro- 
vides unusual resistance to transformer 


oils such as Wemco C, Stanolex and 
Pyranol. 


Penetrates deeply—deposits high solids 
Higher solids content (50%) at dipping 
viscosity permits deep penetration of 
windings, with better solids deposit. 
Proved in high-speed applications — 
Applications including power hand tool 
armatures rotating at 16,000 to 20,000 
rpm. prove high bonding strength. 


Has excellent moisture resistance 


One of the complete line of 


READER INQUIRY SERVICE CARDS, PRECEDING 


Speed up assembly and packing operations . . . do away with produc- 
tion bottlenecks caused by longer -than-necessary baking schedules for 
insulating varnishes! 


Sherwin-Williams V61 V3 Thermosetting Clear Synthetic can cut 
baking schedules as much as 50% and, at the same time, offer important 
advantages in insulation efficiency and costs. 

Its higher solids content at low viscosity produces superior penetra- 
tion and solids de posit, provides higher resistance to heat, transformer 
oils, and adverse service conditions. It is particularly designed to meet 
application needs of transformers, both dry and oil immersed, and as a 
standardized varnish for rotors, stators, generators and electrical wind- 
ings. It meets a wide range of needs for relays, solenoids and radio 
and TV coils of all types. 

Arrange to run your own tests on this outstanding thermosetting 
varnish. C ontact vour nearest Sherwin-Williams Industri il Zone Office 
or The Sherwin-Williams Co., General Industrial Division, Cleveland 1, 
Ohio. In Canada: 2875 Centre Street, Montreal. 


\ SHERWIN-WILLIAMS 


oe. INSULATING MATERIALS 







BACK COVER 





with Sherwin-Williams V61 V3 Clear Synthetic Thermosetting Insulating Varnish 


235 








Aes BIG HELP IN 


TERMINAL WIRING! 


The New JONES SEE ema 
FANNING STRIP 


<orrect terming} 
every time! 

Connections are made through Fanning 

Strip, on bench or anywhere apart from 

barrier strip, and quickly slipped into 

assembly. 






Designed for use with Jones Barrier Ter- 
minal Strips Nos. 131 and 142, for | to 
20 terminals. 


Simplifies and facilitates soldering. Insures posi- 
tive correct connections. Saves time. Ideal for 
harness or cable assembly. Strong construction: 
Brass terminals, cadmium plated. Heavy bakelite 


mounting. 
Barrier Strip 


9-161 
Fanning 
Strip. 

Pat. 
applied for. 


Send for complete 
data on this new 
basic improvement! 


Howarp B. Jones Division 
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PARAMOUNT Spiral Wound PAPER TUBES 













SQUARE, RECTANGULAR, ROUND 


Regular-type PARAMOUNT paper tubes used for 
millions of coil forms and other applications. 
Hi-Dielectric. Hi-Strength. Kraft, Fish Paper, 
Red Rope, Acetate, or any combination spiral 
wound on automatic machines. Any size from 
4" to 30” long, from .450” to 25” I.P. Produced 
from wide range of stock arbors or specially 
engineered for you. 

















PARAFORMED— SQUARE OR RECTANGULAR 


Exclusive Paraforming method of tube making 
without artificial heat or pressure. Makes per- 
fectly flat side walls, square inside corners, and 
very small radius on the four outside corners— 
and does it all at the time of actual spiral winding. 
No sharp outside edges to cut wire. No need for 
wedges to tighten wire. Full rigidity and physical 
strength. Permits winding coils to closer toler- 
ances. Allows faster automatic stacking of coils. 
Approved and used by leading manufacturers. 
No extra cost! 


PARAMOUNT 


PAPER TUBE CORP. 
612 LAFAYETTE ST., FORT WAYNE 2, IND. 
Standard of the Coil Winding industry for Over 20 Years 





Write on company 
letterhead for 
STOCK ARBOR LIST 
OF OVER 2000 SIZES 
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currents, thus upsetting the planned 
switching sequence. The principle 
of constant flux linkages is one 
method of checking a circuit design 
for these unexpected phenomena. 
Typical relay circuits are so ana- 


lyzed. (228) 


Magnetizing and Demagnetizing Per- 


manent Magnets. September 1956, 
12 pages. Fundamentals of perma- 
nent magnetism; graphical definition 
of magnetic properties; determina- 
tion of magnetizing and demagnet- 
izing forces required; techniques, 
equipment, circuits and magnetiz- 
ing fixtures for typical magnet 
shapes. (227) 


Mechanical Properties of Plastics Di- 


electrics. September 1956, 12 pages. 
Based largely on extended research 
for the Signal Corps, Navy, and Ait 
Force, this article reviews basic 
theory and presents concrete experi- 
mental tabular and graph data on 
the behavior of plastics under vari- 
ous dynamic and environmental 
conditions. Necessity for consider- 
ing mechanical properties in design 
of insulating and dielectric com- 
ponents is stressed and the proper 
approach for doing so is given. (226) 


QC Computers for Machine Control— 


I & Il. July and August 1956, 20 
pages. How to design small analog 
computers for automatic feedback 
correction of closed-loop machine 
operations. These computers moni- 
tor dimension- measuring _ trans- 
ducers to calculate a machine’s 
average performance and determine 
drift from original setting for com- 
pensation by power servos. Also, 
they can determine dimensional 
variation of machine output and 
signal an alarm for excessive varia- 
tion due to machine malfunction. 
Suggested circuits and components 
are discussed. (225) 


Materials and Design Factors in 


Printed Wiring Applications—I & II. 
July and August 1956, 16 pages. A 
two-part article combined into one 
reprint. Discusses the need for un- 
derstanding the basic materials of 
printed wiring, particularly the base 
laminate and the metal cladding, 
and for controlling properties and 
compliance with specifications. Data 
are given on laminates, various 
types of copper cladding, and on 
appropriate tests and specifications. 
Specific production problems are 
discussed such as batch variations; 
undesirable odor caused by im- 
proper adhesives; tooling; and vari- 
ous processing factors. (224) 


(Continued on page 238) 
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HOW NYLOK® LOCKS: 


LOCKED! The tough, resilient nylon pellet keys itself into the mating threads. It forces threads together and locks the screw securely. 


NEW—self-locking UNBRAKO socket head cap screws 


They won’t work loose. And they simplify design and save production time. 


Self-locking UNBRAKO socket head cap screw. 


UNBRAKO socket head cap screws are now 
available embodying the Nylok* self-lock- 
ing principle. Nylok provides the first truly 
practical solution to the problem of making 
cap screws self-locking. 

An UNBRAKO cap screw with Nylok is a 
single self-locking unit. No auxiliary locking 
devices are needed. Just thread the UNBRAKO 
into any tapped hole. Seated or not, it locks 
positively wherever wrenching stops. The 
tough, resilient nylon pellet forces mating 
threads together and holds tight. The screw 
will not work loose. 

You save production time when you 
make products with self-locking UNBRAKOs. 
And you get greater simplicity in design with 
less bulk and weight. The number of parts 
you must assemble to achieve full locking 
action is reduced to the absolute minimum. 
Lockwashers under screw heads are no 
longer necessary. Costly wiring of cross 
drilled heads is eliminated. And in many 


cases you will save weight and mass by 
using shorter screws in tapped holes instead 
of drilling through and using nuts and 
lockwashers. 


Self-locking UNBRAKOs are reusable. They 
have uniform locking and installation 
torques—with no galling or seizing on mat- 
ing threads. They successfully withstand 
temperatures from —70° to 250°F. And, 
when screws are properly seated, the locking 
pellet also functions as a liquid seal. 

A complete line of self-locking UNBRAKO 
socket screw products, in a wide range of 
standard sizes, materials and finishes, is 
available through your authorized indus- 
trial distributor. Technical data and speci- 
fications are detailed in Bulletin 2193. Write 
us for your copy today. Unbrako Socket 
Screw Division, STANDARD PRESSED STEEL 
Co., Jenkintown 9, Pa. 


*T.M. Reg. U.S. Pat. Off., The Nylok Corporation 


STANDARD PRESSED STEEL CO. 


UNBRAKO SOCKET SCREW DIVISION 
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JENKINTOWN 


BACK COVER 
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for special Dlications... 


CENT ORES 


SPIRALLY WRAPPED 


| 
| 
| 
| 
| 
} 


Hymu-Squaremu-Microsil 






POA NIFOR 


in metallic or 
phenolic 
encasements 


CENTRICORES are processed from thinner gauge materials including 
Hymu, Squaremu “79”, Squaremu “49”, Microsil and ‘‘49’’ Alloy for 
magnetic amplifier and special transformer applications. New sizes are 
being constantly added to standard sizes available from stock for 
prompt delivery. Write for Bulletin C-1 covering magnetic properties. 
Also indicate where Magnetic Amplifier test procedure data is desired. 


MAGNETIC METALS 
COMPANY 


Hayes Avenue at 21st Street, Camden, N.J. 


Electromagnetic Cores 
and Shields 
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Practical Hi-Pot Testing. August 1956, 


12 pages. Discusses advantages and 
limitations of both a-c and d-c high- 
potential dielectric strength testing 
for quality control. Outlines require- 
ments for production test stations. 
Presents typical test methods for 
electrical components. (223) 


Boolean Algebra for Switching Cir- 


cuits. August 1956, 4 pages. Sum- 
marizes the fundamentals of Boo- 
lean algebra as they apply to manual 
switching circuits. Shows, by ex- 
ample, how to reduce complex 
switch arrangements to their sim- 
plest form — eliminating by simple 


mathematics redundancies _ that 
might not be obvious to the eye. 
(222) 

Applying A-C Motors to Specific 


Types of Loads, July 1956, 20 
pages. The problems encountered 
by application engineers in select- 
ing electric motors for seven com- 
mon types of loads are discussed. 
For each, the nature of the load is 
described and the type or types of 
a-c motors that are most suitable 
for that particular usage are enu- 
merated. The applications covered 
include: Air-moving devices; major 
appliances; high-inertia loads; ma- 
chine tools; pumps and compressors; 
synchronous-speed loads; and busi- 
ness machines. (221) 


AMMELIC PTOPErtIES —etay Symposium, July 1956, 12 


pages. A report on the proceedings 
of the Fourth National Conference 
on Electromagnetic Relays held at 
Oklahoma A. & M. College in April, 
1956. The review includes digests 
of some of the prominent papers 
presented at the meeting. Topics 
featured are the establishment of 
design criteria through miss-testing 
programs; causes of relay faults in 
low-level circuits; shock; and vibra- 
tion. (220) 


Arc Suppression with Semiconductor 


Devices, June 1956, 8 pages. Tab- 
ular and graph data with design 
procedures in the application of 
germanium or selenium rectifiers 
in arc suppression (contact protec- 
tion) circuits. (218) 


Corona Properties of Insulating Mate- 


rials, June 1956, 12 pages. Test 
results are given and interpreted 
as derived from an exhaustive pro- 
gram in which 26 materials were 
investigated for their corona proper- 
ties. Corona tests were related to 
inherent or intrinsic ionization of 
the materials; relative humidity 
and water immersion conditions; 
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ANOTHER OF THE 1,001 EXAMPLES THAT PROVE: LRVINGTON MEANS INSULATION INSURANCE 


Con Edison arc-proofs high @ Expanding facilities and the constant quest for increased effi- 
et ae eee eee ciency and safety led Consolidated Edison of New York to investi- 
gate and develop new arc-proofing materials for high voltage 
streets with a new treated asbestos electrical cables, used in manholes. 
Se Ee Most utility companies employing underground systems require 
material developed with the help arc-proofing materials for primary cables in manholes. If a primary 
ee oe ee cable fails, even though disconnecting devices are used, additional 
protection is necessary to prevent damage to adjacent cables by 
the defective cable’s arc. 

Utilities had been arc-proofing their primary cables and joints with moisture-resistant cloth or tape, and 
cement—applied in putty-like consistency. This mixture was formed by hand around the cable, held in place 
by cheesecloth wrapped over the cement. This time-consuming method required a second visit to the 
manhole location by an arc-proofing crew. 

As arc-proofing volume increased, Con Edison began to study the possibilities of developing a material 
that would provide the required protection with faster and easier application than cement. Several insula- 
tion materials manufacturers were invited to submit products that would meet these requirements. Irvington 
is proud to state that it was the first of the companies whose product was selected. The product: Irvington 
No. 7000 Treated Asbestos Tape.* Tested with a D.C. arc of 200 amperes from 7% inch electrodes, Irvington 
7000 withstood direct application of the arc, protected the lead sheath from damage for more than 30 
seconds. Other advantages of this arc-proof, flame-resistant Irvington tape: it’s so easily applied that the 
arc-proofing job is done by the splicer and his helper after the completion of the splice. Unlike cement, 
which frequently blew off the defective cable at the point of failure, Irvington 7000 is porous enough to 
allow expanding gases to escape through the fabric while the arc is contained. And unlike cement, it can be 
removed for cable inspection and replaced immediately, without the need for a follow-up arc-proofing crew 
to patch the inspection “break”. Man-hour savings and immediate arc-proofing of the splice, more than 
compensate for the difference in cost between cement and the new material. 

Irvington No. 7000 Treated Asbestos Tape is only one of a complete line of Irvington insulating products 
designed for every type of insulation—for most design needs—for insulations that fully meet NEMA standards. 
And like all Irvington products it is backed by technical knowledge, quality control and research leadership 
that ASSURE you of insulation to meet your requirements. For Irvington means “Insulation Insurance”. 


*Further details are to be found in an article reprinted from ELECTRICAL WORLD, and in a technical bulletin on arc-proofing. Both available from Irvington on request. 


+ 
R V INGTON DIVISION |o MINNESOTA MINING and MANUFACTURING CO. 


9 ARGYLE TERRACE, IRVINGTON 11, N. J. 
LOOK TO IRVINGTON FOR: Flexible Electrical Insulations, Coated Fabrics and Papers — Laminated and Coated Slot Insulations — Tubing — Tapes — Insulating Varnishes 


voltage cables under New York 


of Irvington, the initial source. 


*® 
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RECISION 










The Only COMPLETE 


COIL FORM SERVICE 
Available... 


F aa 


QR iacsy 
e ROUND TUBES 
Ama) 03 cs 

COILFORMS & 
ANS 


aU LUis 
Saat 


Te Ue Le 
LH 





SQUARE AND RECTANGULAR TUBES 
Produced in any length, shape or size from 1%" to 
8”, wall thickness from .010 to .125. Fabricated 
from dielectric kraft, fish paper, quinterra or com- 
binations, including mylar. Bowed sidewall or 
Di-Formed construction. 


ROUND TUBES 


Produced in any decimal size up to 8” I. D. Fabricated 
from kraft, fish paper, cellulose acetate, mylar, polysty- 
rene, quinterra, fibre glass and other dielectric materials. 


RESINITE COIL FORMS 


These coil forms have the highest resistivity of any res- 
inated product. Furnished plain, embossed, internally 
threaded or triangular shape... also flyback trans- 
former forms. 


BOBBINS 


Supplied round, square or rectangular. Cores fabricated 
from any of the above materials. Metal, asbestos, plastic 
or fibre flanges. Constructed to fit smaller spaces and 
permit multiple winding. 


MANDRIL SERVICE 


Accurately ground steel and aluminum coil mandrils at 
cost economy comparable to commonly used undepend- 
able wood or undersized steel mandrils. 


FABRICATING SERVICE 


We have modern high speed equipment to provide you 
with any special shape or form. . . rolled, spun, flared, 
punched or formed to your particular requirement. 


Ask about Precision’s complete coil form service. 
Request informative bulletin. 


PRECISION PAPER TUBE CO. 





PRECISION 2035 W. CHARLESTON ST. 
Plant No. 2: 1 Flower St., Hartford, Conn. 


CHICAGO 47, ILL. 
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60-cycle and high-frequency con- 
ditions, among others. Included in 
this reprint is a report, “Plastics 
Are-Quenchers for Small Circuit 
Breakers,” describing a chemical 
means for arc interruption. (217) 


Machine Tool Electrical Standards. 


June 1956, 20 pages. The latest 
version of these standards, as ap- 
proved by the National Machine 
Tool Builders Association on March 
1, 1956, are reprinted in full. (219) 


Statistical Approach to R & D Testing, 


May 1956, 8 pages. Discussion of 
the role that statistical analysis can 
play in reducing cost and saving 
time in solving engineering prob- 
lems in research and development. 
A typical research problem is de- 
scribed and its solution explained. 

(216) 


Selenium Rectifiers for High Tempera- 


tures, May 1956, 8 pages. Review 
of work done at Battelle for the 
Signal Corps to determine deterior- 
ation factors at elevated tempera- 
ture for both conventional and high- 
temperature rectifiers that also serv- 
ed as basis of proposed MIL 
derating curves. (215) 


Multiple Reprints 


Multiple Reprints (reprints or com- 


pendiums into which are combined 
several separate articles on the same 
or related subjects) are available at 
the nominal prices indicated in each 
listing. Orders must be accompanied 
by remittances. Large quantities, 
special quotations. Address: Exec- 
TRICAL MANUFACTURING, 1250 
Sixth Avenue, New York 20, N.Y. 


Electrical Insulation and Dielectrics- 


1955. (Problems-Materials-Applica- 
tions.)—136 pages. A compilation of 
the most important articles selected 
from recent issues of ELECTRICAL 
MANUFACTURING. This volume pro- 
vides the engineer not only with 
significant but with current design- 
helpful literature. Articles cover 
epoxy casting resins, radiation ef- 
fects on dielectrics, fluorocarbons, 
results of special evaluation pro- 
grams, among other subjects. $3.00 


Printed Circuits, 72 pages. New mul- 


tiple reprint, issued May 1956, su- 
persedes earlier reprint under same 
title. Subjects covered in the 11 ar- 
ticles taken from outstanding arti- 
cles appearing in 1954, 1955 and 
1956 include printed circuit tech- 
niques, artwork procedures, auto- 
matic assembly of components on 
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Completel, 





Heat rapidly dissipated by unique heat-sink design. 
No output transformer needed—amplifier works directly into Oster- 
designed size 10 servo motor with center tapped control winding. 


AMPLIFIER DATA 
e Input Impedance: 2500 ohms. 
e Load Impedance: 250 + JO ohms. This is the 400 cycle 


stall impedance of an Oster Type 10-5054-03 servo motor 
control phase when resonated with 2.0 microfarad capacitor. 


e Power Gain (open loop conditions—no negative feedback): 


50 D. B. minimum. 
e Power Output: 0.5 watt minimum. 
e Power Requirements: 


+ 19.5 Vde—250 ma. 
+ 4.5 Vdce— 20 ma. 
+ 8.5 Vde 6 ma. (regulated + 5%) 


e Amplifier Rating: 0.5 watt min. at 25°C. 


e Environment proof operation assured by encapsulation of 
amplifier assembly. 


1081 High Power G 





TRANSISTORIZED 


AMPLIFIER 


& SERVO MOTOR 


aoe 


_ ee 


; Pre! es on 








SERVO MOTOR DATA 


e With .015V at 400 cycles applied to amplifier input, motor 
pinion rotates 5000 RPM minimum under no load condi- 
tions. 

With .075V at 400 cycles applied, motor develops .15oz.-in. 
minimum stall torque. Minimum speed 6200 RPM under 
no load conditions. 

Up to 0.2 oz.-in. torque can be obtained by energizing the 
reference phase with 31.0V if motor has an adequate heat 


sink. This results in a reference phase current of approx. 
.210 amperes. 


Engineers for Advanced Projects: 

Interesting, varied work on designing 

transistor circuits and servo mechanisms. Contact 
Mr. Zelazo, Director of Research, in confidence. 


Input impedance variations to meet your specific requirements can be made. Write for additional information today. 









Other products include actuators, servos, synchros, AC drive 
motors, servo mechanism assemblies, DC motors, motor- 
gear-trains, fast response resolvers, servo torque unils, refer- 
ence and tachometer generators, synchro indicators and 
motor driven blower and fan assemblies. 


J MANUFACTURING CO. 


Your Rotating Equipment Specialist 


Avionic Division 
Racine, Wisconsin 


BURTON BROWNE ADVERTISING 
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each 

inetallation 

cote with 
FEDERAL 
PACIFIC 


Combination 
Motor 
Starters 


Finest Products Engineered 


FEDERAL PACIFIC ELECTRIC 


COMPANY 
50 Paris Street, Newark 1, N. J. 






I-S Beryllium Copper 


ee 











Micto-Procesced 


THERMAL MAGNETIC 
CIRCUIT BREAKER 
© permits harmless 
| temporary overloads; 
trips instantly when 
overload becomes 
dangerous... offers 
quick-make, quick- 
break action, thermal 
tripping element and 
deionization arc 
quenchers. 





DISCONNECT SWITCH 
designed for cool op- 
eration, safety and 
long life. Features 
clear visibility, posi- 
tive circuit opening 
and silver plated cur- 
rent carrying parts, 





NOW Federal Pacific does away with 
the need for separate motor controls 
and safety switches or circuit breakers! 
Now you can meet all your needs with 
One simple space-saving device...and 
save money while you do it! You install 
only one device—save valuable time— 
conserve precious space! Faster, easier 
installation more than offsets the 
slightly additional cost. 





Compression Springs 


duced spring cost 


compression springs Y high str 
hardened after ama Vv hiss aes . resistance of corrosion 
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254 BERGEN BLVD., LITTLE FALLS, NEW 


Telephone Little Falls 4-0280 
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printed circuit boards, manufacture 
of printed resistors and capacitors, 
and selection of components for 
printed circuits use. $2.50 


Practical Circuits for Grid Control of 


Thyratrons, 52 pages. A collection 
of five articles by P. H. Chin and E. 
E. Moyer, appearing January to 
May 1956, summarizing all that is 
known about thyratron grid-control 
circuits. Coverage includes on-off 
control with both a-c and d-c plate 
voltages; bridge-type circuits with 
both linear and non-linear elements; 
phase-shifted a-c signals as the con- 
trol variable; a-c plus d-c control; 
the two-vector method; effects of 
load-circuit parameters on thyratron 
performance; peaking transformers; 
and the application of interphase 
transformer windings to multiple 
rectifier systems. $2.00 


Servo Series, 48 pages. A collection of 


five articles by servo engineer- 
teacher Ira Ritow, appearing Feb- 
ruary to June 1956, summarizing 
the fundamentals of servomecha- 
nism design. The series is intended 
for the non-servo engineer and 
avoids almost totally the use of 
complex math and obscure termi- 
nology. Yet, the series is complete 
enough to permit the reader to de- 
sign and analyze a simple servo. 
Coverage includes how and why 
servos work; servo terms and spec- 
ifications; selection of components; 
linear and non-linear servo design; 
linear analysis; impact-momentum 
analysis; and the phase-plane meth- 
od of servo analysis. $1.50 


Multiple Reprints 
at Quantity Prices 


Since handling expenses is a signifi- 
cant cost element in the distribution 
of these Multiple Reprints, grouping 
of orders make possible substantial 
savings in cost per copy. For single 
shipments to one address, on orders 
accompanied by remittance, the fol- 
lowing prices per copy apply: 


Quantity 
Title 5 25 
Electrical Insulation and 
Dielectrics—1955 225 1.85 
Servo System Design 1.25 1.00 
Printed Circuits LS 61.35 
Thyratrons 1.35 1.10 


Prices given above include shipping 
charges. Make checks payable to The 
Gage Publishing Company, 1250 Sixth 
Ave., New York 20, N. Y. 
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PERATURE OHMS 


° 
8 


RESISTANCE AT ROOM TEM 


HOURS-AT' '800" F. 


INickel—plateca 


copper... 


for high conductivity at 
elevated temperatures 


Syivania’s Nickel-plated copper wire 
combines the conductivity of copper 
with the corrosion-resistant properties 
of nickel for applications involving 
temperatures ranging from 350° Fah- 
renheit to 700° Fahrenheit. 


Equal lengths of Nickel-plated copper 
and three other wires were heated in air 
at 800° Fahrenheit for an extended 
period to determine the effect of heat 
on conductivity. 


Nickel-plated copper, more than any 
of the other wires except for pure 
nickel, holds its original low resistance. 
It’s this feature which, in many cases, 
has made Nickel-plated copper more 
desirable than costlier wires used where 
conductivity must remain constant un- 
der high temperature environment. 


Nickel-plated copper wire can be 
supplied in a full range of diameters 
from .250” to .005”. 


Sylvania is the only major 
wire supplier with complete 
facilities for plating and 
cladding wire. This makes it 
possible to provide you with 
an experienced, objective 
recommendation as to whether 
a plated or a clad wire is best 
suited for your application. 


In addition, Sylvania’s Parts 
Division offers you complete 
4-way service including custom 
molded plastic parts, small 
metal parts ranging from wire 
forms to deep drawn parts, 
and special electronic com- 
ponents. Write for the ‘‘Port- 
folio of 4-way Service” and 
the new technical bulletin on 
Nickel-Plated Copper Wire. , 


PARTS DIVISION 


Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 


¥ SYLVAN 


METAL MOLDED 


EBLECTRONIC 
STAMPINGS PLASTIC 


COMPONENTS 
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* PURE TIN plated on Somers Thin Strip. 


Somers engineers have developed a 
special hot tin plate process which 
now will provide the smooth surface, 
solderability, adherence and complete 
absence of slag so essential to manu- 
facturers of: 


PRINTED CIRCUITS 
CAPACITORS 
CABLE WRAPPING 


Tin coatings of .00002 to .00008 and 
.0002 to .0003 are available on brass, 
copper, bronze and other Thin Strip 
metals in gauges from .012 down to 
.002, widths from Ye” to 6” and wider. 


And, of course, Somers exacting stand- 
ards for tolerance, tensile strength 
and other physical properties are 
rigidly maintained. 


Whatever your requirements for tin 
plated thin strip, you can depend on 
Somers long experience and modern 
equipment for a quality product. 


Write for further information and 
confidential data blank. Somers will 
gladly analyze your problem with- 
out obligation. 


ait EXACTING STANDARDS On 
€ ly 





Somers Brass Company, Inc. 
112 BALDWIN AVE., WATERBURY, CONN. 
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Wide-Range Adjustable Speed 
from ‘‘Straight A-C”’ 


(Continued from page 110) 





types of motors applied to this serv- 
ice. The motors have a shunt charac- 
teristic with a definite running light 
for the 
brushes. The slip in rpm for a par- 


speed each position of 
ticular load is approximately the same 
at all speeds and at synchronous speed 
is slightly more than that of an in- 
duction motor. Therefore, within the 
rating of the crane, there is no danger 
of the motor pulling or stalling. what- 
ever the lifting speed. 

The crane drive is an excellent il- 
lustration of where regenerative brak- 
ing is inherent in the motor and 
becomes a definite asset. If negative 
when the load tries to 
drive the motor at a speed higher 
than that due to the setting of the 
brushes—regenerative braking occurs 
inherently, and the greater this nega- 


slip occurs 


tive slip, the greater the regenerative 
braking. There is therefore, no likeli- 
hood for the load to run away, the 
regenerative braking will hold it close 
to the speed determined by the brush 
setting. 

In recent years, the most outstand- 
ing acceptance of this motor by 
American industry has been in the 
field. Motors ranging 
from 10-200 hp have been applied as 
punch-press and draw-press drives. 
Compactness and simplicity of con- 
trol have been its major virtues. 

When compared with other com- 
petitive methods, it has been argued 
that the punch press is a constant- 
horsepower application. There are too 
many sides to the argument to discuss 
it here, but considering a 2/1 speed 
range, at a constant energy per stroke 
over the entire speed the 
Schrage motor can handle the horse- 
power requirements at both ends, if 
the press flywheel has been selected 
properly for the high speed condi- 
tions. In the lower ratings the per 
cent slip is inversely proportional to 
the speed. A motor having 6 per cent 
slip at a top speed will have 12 per 
cent at half speed. It is this character- 
istic which permits the flywheel to 
help the motor at the low speed. In 
fact, the softer the speed torque curve 


punch-press 


range, 


° 
9 
° 


WHAT TYPE OF 


Syucre - Suap 
SPEED DETECTOR 
DO YOU NEED? 


TYPE |—For governing over a narrow speed 
range such as necessary on computing equip- 
ment, series wound motors, generators, etc. 


TYPE 1! — For detecting overspeeds and under- 
speeds over wide range simultaneously and au- 
tomatically, to do such jobs as cutting out motor 
starting windings, protect furnaces, electronic 
circuitry and other equip- 
ment against cooling equip- 
ment failure, control inter- 
related equipment like 
guided missiles, and 
sequencing automated sys- 
tems through speed detec- 
tion of separate compo- 
nents, 


TYPE I1l—For detecting a 
single speed (must be me- 
chanically reset). Designed 
as a safety device for sig- 
nalling or disrupting the 
circuit in event of unsafe 
operating conditions on 
turbines, cranes and sim- 
ilar equipment. 


TYPE IV—-Separately pack- 
aged for external mount- 
ing. Can contain two or 
more switches of the same 
or different types to ac- 
complish multiple pur- 
poses. 


SYNCRO-SNAP is a compact 
centrifugal switch operat- 
ing on a fundamentally 
new frictionless principle. 
Switches are available in 
three basic types or 
combinations for in- 
tegral assembly or 
separate mounting. 
Matching switching 
_ elements are fur- 
nished in open, 
. dosed or combina- 
tion types for any circuitry requirements. 
Switches are furnished in 4 standard sizes with 
special sizes available on order. SYNCRO-SNAP 
units possess an accurately predictable life well 
in excess of 1,000,000 cycles and provide ro- 
tating equipment with a dependable means of 
control or protection. 

FIND OUT TODAY HOW SYNCRO-SNAP CAN SOLVE 

YOUR SPEED DETECTION PROBLEMS. 











ENGINEERED PRODUCTS CO. 


34 W. Monrce St. @ Bedford, Ohio 
Bedford 2-4100 
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Technical-ities 
By John S. Davey 


Tighten bolts 
to yield strength? 
Actually, it is safer to “over- 


tighten” than to undertighten. 
The following explains why. 


! 
| 
| 


STRAIN 





Permanent Residual Tension 
Set | 
>| ° 
” Residual Fig. 1 
Tension 


Up to yield point, the strain 
in a bolt is proportional to 
stress. Beyond the elastic limit, 
the bolt goes into its “plastic 
range”. Some permanent 
stretch takes place. (Fig. 1). 
Yet while the bolt will not re- 
turn to original length, note 
that residual tension is fully 
maintained. And remember, it’s 
this force that keeps a_ bolt 
tight, determines joint strength. 


Permanent 
Stretch 


a Starts Here — 







The permanent set starts at 
section with highest unit stress 
—which is at the unengaged 
threads (Fig. 2). Ultimately, 
this throws thread pitch off and 
nut locks, subjecting bolt to 
torsion (rather than further 
tightening). This force disap- 
pears with wrench-removal. 
Thus, a bolt can even be tor- 
qued well into its plastic range 
if it won’t be reused or need 
adjustment. 
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Cold facts on 
cold headed fasteners 


0 ATTEMPT to simplify, improve 

or economize on fastening is 

complete without a good look at your 

screw machine parts, forgings, and 

certain assemblies that can be re- 
duced to one piece. 


You would be surprised at what 
an expert can produce on cold head- 
ers with complete uniformity. Cold 
heading produces in one piece parts 
that would otherwise be two or more. 


BETTER FLOW LINES 


Just as it does with standard fasten- 
ers, cold heading makes possible a 
higher quality, stronger product at 
high speed and low cost. Properly 
done, the operation upsets metal 
along its own axis in continuous 
flow lines without folds. Stress pat- 
terns are better. Fasteners and 
parts gain greater shear, impact 
and fatigue strength. 

Long a Specialist in cold headed 
fasteners, RB&W offers its experi- 
ence to designers and production 
men who want to know whether cold 
heading is feasible for specific me- 
chanical shapes. If it proves to be 
so, RB&W facilities can handle your 
volume needs. Contact Russell, 
Burdsall & Ward Bolt and Nut Com- 
pany, Port Chester, New York. 
Plants at: Port Chester, N. Y.; Coraopolis, Pa.; 
Rock Falls, Ill.; los Angeles, Calif. Additional 


sales offices at: Ardmore (Phila.), Pa.; Pitts- 
burgh; Detroit; Chicago; Dallas; San Francisco. 


RBsW cold heading machines have forced metal 
to flow into this typical variety of shaped pieces— 
just a handful of thousands of different cold headed 
shapes produced by RBaW to specification. The up- 
set can be at any point, and the shape need not 
be symmetrical. The continuous, symmetrical flow 
lines (inset) make metal stronger 











Spin-Lock® Screws 
solve assembly problem 


The designer specified countersunk-head screws to 
be used in a particular casting. The production man 
had to stake these in to anchor them. But this meant 


extra operation, made screw removal damaging and 
difficult. 


The answer was found in Spin-Lock screws. These 
have hardened “ratchet-action” teeth that bite in 
when tightened, take 20% more torque to loosen 
than to tighten, can be reused. Send for Bulletin. 


Spin-Lock ‘‘tooth’’ 
about to bite in 
Head meets seat 
when fully tightened 


BACK COVER 











eHow. © 


Your Best 


Thickness Nominal 


Inches Size 
Ve 12x12 
Source Is | = 38 
% 36x36" 
Va 48 x 48* 
% 
Y. & Up 


* Can be furnished 
in Ya sheets 


YIM: 


9 
HERE’S WHY: You can DIAMETER INCHES 





: ; : ; ' 
order in quantity and in = Ms 
a wide variety of sizes— Ye 1% 
: y BZ 

and be certain of complete ° 1% 
. . VW; 
uniformity throughout. > 1% 
Our strict density control . a . 
‘4 

assures you thoroughly 2% 

3 
















non-porous Teflon— 

free from any flaws which 
might possibly affect 
your end use or product. 
Dimensions are accurate 
to your most critical 


Other diameters 
on specification 


TYPICAL SIZES 


tolerances—no rejects, INCHES 
waste of material or loss 0.0. 1.0. 
of time. You get product > % 
purity—Teflon at its : = 
best in every one of its 1” 1 
2% WN 






remarkable characteristics. 
Delivery is prompt—you 
get the quantity you 


3 1% 


TUBING 
Characteristics of Teflon 


want when you want it. CHEMICAL 
Since the availability of eae a 


Tefion, ‘John Crane” 
engineers have worked 

with Industry to successfully 
solve innumerable problems and 


Very high dielectric strength. 
Extremely low power factor. 
THERMAL 


Temperature range 
—300° to + 500° F, 


MECHANICAL 
develop new applications. You can ee orn 
benefit from their experience LOW COEFFICIENT OF FRICTION 


Absolutely non-stick. 
* DuPont Trademark 


and know-how. 









Request full information and ask for our bulletin, The Best in ae 
Teflon. Crane Packing Co., 6424 Oakton St., Morton Grove, oe 
Ill., (Chicago Suburb). 

In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


K\\S> CRANE PACKING COMPA 


f 
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of the motor, the more suited it is to 
the punch press application. 

The Schrage motor is used in the 
United States converters, 
printing presses, testing equipment, 
metal decorating drives, cloth print- 
ing machinery, motor alternator sets, 
calendar drives, extruders, blowers, 


also on 


book-making machinery, sewage 
pumps and cement kilns. o00 


Resin—Embedment 
Process Control 


(Continued from page 89) 





Two types of controls are needed 
for the end polyester- or epoxy-em- 
bedded product. 


1. Is the embedment material ade- 
quate to perform its physical 
or electrical function? 

2. Is the embedded product able to 
meet its specification require- 
ments? 

Failure would be indicated by 
physical or electrical breakdown of 
the embedment material or embedded 
product. In the case of an embedded 
electrical circuit, (for example, one 
required to meet military specifica- 
tions) product control tests could be 
taken directly from the appropriate 
military specification. These controls 
might consist of such tests as vibra- 
tion, thermal shock, mechanical 
shock, humidity, or any of the others 
shown to be most critical for the par- 
ticular design. It is possible that con- 
trols that are critical for one design 
might not be critical for another. A 
hardness test might also be desirable 
to assure us that the embedment ma- 
terial has been adequately cured or 
polymerized; or it might be neces- 
sary to make some insulation resist- 
ance measurements between two sepa- 
rated conductors, at 
conditions that are 
special design. 

The exact end product controls will 
depend more on the individual prod- 
uct requirement than on the materials 
use. Determination of the most reli- 
able end product controls may be 
difficult, but the value of good con- 
trols is unquestionable, both to the 


some set of 
critical for a 
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Imagine:-- |b 


circuit breaker 
ratings as low as 
0.010 amperes 


nes 


HEINEMANN Circuit Breakers—complete with your choice of 
inverse time-delay curves or instantaneous trip—are available in current 
ratings as low as 0.010 amperes . . . an important fact to 
remember when considering the protection of sensitive equipment. 
For even at a rating of only 0.010 amperes, HEINEMANN 

Circuit Breakers still provide fastest interruption of short circuits, 
retain their set trip points and carry rated capacity through 

any ambient temperature range, high or low. 

These exclusive HEINEMANN features are yours in any odd 

or fractional current rating you may specify . . . but 

only when you specify HEINEMANN. For complete details, send for 
the Circuit Breaker Engineering Guide, Bulletin 201. 





HEINEMANN ELECTRIC COMPANY 
99 ?lum Street « Trenton 2, N. J. 
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customer and to the product manu- 
facturer. 





.... Investigate MILLER-HARRIS 
ELECTRIC TIME CONTROLS 


to make your product automatic — 
improve performance — lower 
costs — increase saleability. 


More than 30 MILLER-HARRIS models available. Modifica- 
tions or combinations of existing units often provides special, 
new applications with minimum delay and tooling cost. Pro- 
duction facilities with capacities of thousands of timer units 
per day. 










Records 


Without proper records, the value 
of controls is greatly reduced. The 
| records serve the dual functions of 
(a) permitting constant analysis as a 
guide to streamlining control opera- 
tions, and (b) allowing rapid com- 
parisons over a given time interval. 
This facilitates the reaching of the 
best decision for eliminating an “out 
of control” situation. 

Generally speaking, the record 
form should be as simple as possible 
so as to enable rapid evaluation of the 
| data (Fig. 4). Where data tend to 
become voluminous, the record 
| should be kept in graphical form, as 
is shown, in Fig. 5. 

As an aid to both design and proc- 
| ess engineers, some common problems 
| encountered in control of a polyester 





Series 123 
Clothes Dryer 
Timers 













Series 110 
Pushbutton Timers 


Series 116 
Appliance Timers 


Model 5P 
Portable 24 Hour 
Time Switch 


Series 100 
Repeat Cycle 
Timers 

























Write for | or epoxy embedment process have 
Illustrated been listed in Table II, with possible 
Brochure | causes and remedies. This tabulation 





Series 103 
Sequence Timers 


Model 148 


is not intended to be complete, but 
Defrost Control 


represents possible guides towards 
improved design. 


MILLER-HARRIS INSTRUMENT CO. i ie 
609 EAST OGDEN AVE. @© MILWAUKEE 2, WIS. materials offer definite advantages to 


a. en OR A oe eee eae ae Vinee | present applications, as well as to 

applications not yet considered. They 
must be used wisely, however, and 
controlled properly for maximum 
benefits. O00 





Postcard return cards are provided 
preceding back cover as a con- 
venience to the reader in obtaining— 


precision, deep drawn 


KOVAR’ 
PARTS 


-from 1/4” dia. and 3/4” 
deep, .025” thickness 
Consult the Engineering Company for . 
quality parts or sub-assemblies of steel, 


aluminum, copper, brass, kovar, nickel 
and monel. Fast, economical service on 


New Components and Materials 
Additional data from the supplier 
of any item reviewed. 





Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 





long or short runs. The most modern 
machines and micro-precision tools 
assure highest accuracy. 





*Registered trademark of the 
Westinghouse Electric Corp. 


} sae . * 

j ae : Quotations, sending ¥ 
f \ T Sia tal oe 

; om hd $; No obligation ‘ 

é 





WRITE TODAY fo, 





THe en gine erin g co., ” aur ST., NEWARK 5, Ns 
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Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any product 
or service described. 
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lke te 
ie “We'll start by specifying FASO 
/for this motor application.” 





Yes, smart design engineers agree: whatever the 
exact rating and size of the fractional H.P. motor 
they specify, it must be a Fasco Motor. Chances are 
Fasco already has exactly the right motor for the 
application in production; if not, we will “tailor” a 
motor to meet specific requirements. Remember . . . 
Fasco Motors mean dependability and long life 
which are strong selling points for your product. So 
when it’s a question of fractional H.P. motors .. . 


consutt FA@SCO |. First! 


How about letting us send 
you a copy of our new cata- 


log? It is yours for the asking. a 
ASCO '* ~a 
aa 


FRACTIONAL H.-P. i-— FASCO INDUSTRIES, INC. 
MOTORS aie ROCHESTER 2,NEW YORK 










Composite view of the three Fasco 
Plants located in Rochester, N. Y. 
and Fayetteville, N. C. 
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ultra- 
sensitive 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. 3 inaseries by Barber-Colman Company) 


BARBER 


aE 





The circuit drawing below indicates just 
one of the hundreds of ways many manu- 
facturers are utilizing Barber-Colman Mi- 
cropositioner ultra-sensitive relays to solve 
complex control problems. Could this be 
the answer to some of yours, too? 


COUPLED TO 
ROTATING DEVICE 





CONDENSER 


BRAKE SOLENOID 


ACCELERATION CONTROL 


The circuit shown above provides an ac- 
celeration control to prevent skidding of 
aircraft, truck, or bus wheels when brakes 
are applied. Similar Micropositioner cir- 
cuits can also be designed for many appli- 
cations where limited acceleration or 
deceleration is important. 


In these circuits a Barber-Colman Micro- 
positioner is connected in series with a 
condenser across the output of a Barber- 
Colman permanent magnet d-c generator 
coupled to the rotating wheel. When the 
generator velocity is constant (accelera- 
tion zero), no voltage appears across the 
Micropositioner coil. A change in velocity 
produces a coil input proportional to the 
acceleration. Polarity of input depends on 
whether the velocity is increasing or de- 
creasing. When the input is large enough 
to close the Micropositioner contacts, P,a 
secondary relay, R, operates the solenoid 
in the braking circuit. 


If your projects involve control of acceler- 
ation, why not make a test with a Micro- 
positioner engineered for circuits similar 
to that shown above? Write 

for technical bulletins 
F-7279 and 
F-3961-6. 







BARBER-COLMAN 
MICROPOSITIONER 
POLARIZED DC RELAYS 


Various types...plug-in, solder-lug, screw 
terminal, hermetically sealed. Operate on 
input powers of 50 to 1,000 microwatts 
for use in photoelectric circuits, resistance 
bridge circuits, and electronic plate cir- 
cuits. Send for data. 


Barber-Colman Company 
Dept. M, 1403 Rock Street, Rockford, IIlinois 


250 











Association Activity 





J. T. Henderson To Head IRE 

John T. Henderson, principal research 
officer, National Research Council, Ot- 
tawa, Canada has been elected presi- 
dent of the Institute of Radio Engi- 
neers for 1957. Dr. Henderson succeeds 
Arthur V. Loughren, color television 
consultant, as head of this international 
society of 53.000 radio engineers and 
scientists. 

Yasujiro Niwa, president of Tokyo 
Electrical Engineering College, Tokyo, 
Japan will succeed Herre Rinia, direc- 
tor of research of the Philips Research 
Laboratories in Eindhoven, Holland as 
IRE vice president. 


2nd Design Engineering Show and 
Conference at New York Coliseum 

\ 2nd Design Engineering Show and 
Conference has been scheduled for May 
20 to May 23 at the New York Coli- 
seum. The first show of this kind con- 
ceived and launched to serve the design 
engineer's interests specifically was 
held in Philadelphia last May. As on 
that occasion, the show management 
this year is Clapp & Poliak. Inc. of New 
York. Over 400 exhibitors have already 
signed contracts for show space. 

Once more the Machine Design Divi- 
sion of the American Society of Me- 
chanical Engineers is sponsoring the 
conference to be run in conjunction 
with the Design Engineering Show. As 
in 1955, the program is in the hands of 
an ASME Auxiliary Papers Committee 
composed of the editors of four design 
engineering publications: Product En- 
gineering, Machine Design, Materials & 
Methods, and ELecrricaL MANUFACTUR- 
ING. The conference sessions will be 
held in the morning of three days, and 
the show will be open in the afternoon 
of four days. 

The first day’s conference will be 
comprised of a six-man panel who will 
discuss the subject of organizing and 
operating for profitable design. Speak- 
ers will be of the caliber of chief engi- 
neers and vice presidents of engineering 
of major companies. On the two follow- 
ing days there will be three simulta- 
neous sessions. Broadly speaking the 
fields to be covered will be materials, 
mechanical phases of design and elec- 
trical phases of design. The two sessions 
on materials will cover both metals and 
nonmetals, including plastics and rub- 
ber, also finishes. Mechanical design 
will cover gears. cams, hydraulic com- 
ponents and mechanical systems. 

The two electrical sessions will in- 
clude discussions on motors, static con- 


trols vs conventional 


magnetic type 
controls for industrial machinery, nu- 
merical and computer type controls, and 
the integration of mechanical phases of 
design with electrical in servo systems. 

Although the conference is sponsored 
by the ASME, it is expected that at- 
tendence will come from engineers en- 
gaged in electrical and electronic de- 
sign as well as mechanical on the origi- 
nal equipment level. 


Dr. Jordan J. Baruch Chosen Outstanding 
Electrical Engineer for 1956 


Dr. Jordan J. Baruch, vice president and 
director of new products development. 
Bolt, Beranek and Newman, Inc., Cam- 
bridge, Mass., and a 1948 graduate of 
Massachusetts Institute of Technology 
has been chosen the Most Outstanding 
Young Electrical Engineer of 1956 by a 
jury sponsored by Eta Kappa Nu As- 
sociation, national electrical engineer- 
ing honor society. 

Robert B. Seidel, president. Automat- 
ic Temperature Control Co., Philadel- 
phia, Pa. and a 1948 graduate of Cor- 
nell University, received honorable men- 
tion this year. 

Both will be given their citations and 
awards at a dinner by Eta Kappa Nu 
at Hotel Statler, New York City, Janu- 
ary 21, 1957. This will be the first day 
of the Winter Meeting of the American 
Institute of Electrical Engineers, which 
will be attended by more than 5000 elec- 
trical engineers from the United States 
and some foreign countries. 

The Eta Kappa Nu Recognition of 
Young Electrical Engineers was organ- 
ized in 1936. Since then, 21 young men 
who are less than 35 years of age and 
who received their baccalaureate de- 
grees less than 10 years before have re- 
ceived the award; 52 men _ received 
honorable mentions. The award is given 
on the basis not only of what success 
the young electrical engineers have had 
in their vocation, but also on what they 
have done to broaden themselves cul- 
turally and what they did for others. 


Conference on Magnetic Amplifiers 
Invites Papers 
Scheduled to meet Sept. 4-6, 1957, at 
the Hotel Penn Sheraton in Pittsburgh, 
the second Special Technical Confer- 
ence and Exhibit on Magnetic Ampli- 
fiers invites submittal of a 200-word 
abstract describing a proposed paper 
for delivery at the Conference. 

This abstract should be sent to the 
Technical Program Chairman. G. F. 
Pittman, Jr.. Westinghouse Electric 
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DESIGN PROBLEM: 


More Rectifier Power per 
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SILICON RECTIFIER 


TYPE 4 JA60 


TYPICAL APPLICATION 


ENERAL ELECTRIC HIGH 


CURRENT SILICON RECTIFIER 


Three Phase Bridge Rectifier, 
Resistive Load. 


Free convection cooling may 
be utilized by increasing the 
fin area. 


Total volume of rectifiers and 
fins—less than “% of a cubic 
foot. 


High Current SILICON RECTIFIERS, available now, 
cost less than other rectifying devices! 


High Capacity Silicon Rectifiers—with 
rating up to 85 amps at 300 volt operat- 
ing levels—now cost no more than other junction type rec- 
tifiers. These high-efficiency silicon rectifiers are produced 
using the alloy technique developed by General Electric 
research. Extended life tests show no deterioration in recti- 
fier characteristics when operated at full rated condition. 





All-Welded Seal for Trouble-Free Service. With the large area 
silicon element hermetically sealed within a steel housing, 
General Electric Silicon Rectifiers are immune to troubles 
caused by moisture, vibration, dust, or corrosion. They may 
be mounted in any position; and have a safe temperature 
range greater than any of the other junction-type units. 
Their “plumbing type” stud fitting assures fast cooling 
through heat sink connections. 


Work Anywhere. General Electric Silicon Rectifiers can be 
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used in any rectifier application. They are being installed 
now in many applications including: 
Arc Furnaces 


Cathodic Protection 
DC Motor Supply 


Magnetic Devices 

Shop DC Supply 

Welding Equipment 

All General Electric Silicon Rectifiers meet rigid military 
requirements. They are now available in four voltage 
ranges. For detailed application engineering information, 
consult your General Electric representative, or write to 
General Electric Company, Semiconductor Products, 
$2017, 


Section Electronics Park, Syracuse, New York. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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CHROMALOX 
Electric 
TUBULAR HEATERS 


provide controlled 
and dependable 
conduction, convection 
or radiant heat 


These versatile Chromalox Tubular 
Heaters provide the kind of heat you 
need, exactly fitted to your specific heat- 
ing application. 

Available in straight lengths or formed 
to any desired shape. Used for heating 
dies, molds, platens; as immersion 
heaters in liquids, soft metal and molten 
salts; or in ovens, air ducts and other 
air heating applications. 


Let the Chromalox Sales Engineering staff 
solve your heating problems . . . electrically 


Write for your copy of 
Catalog 50 

—for full information on the 
complete line of Chromalox 
Electric Heaters and controls. 

For ideas on additional ap- 
plications of electric heat, 
request Booklet F1550—“‘101 
Ways to Apply Electric Heat.” 





Edwin L. Wiegand Company 
7530 Thomas Boulevard, Pittsburgh 8, Pennsylvania 


EDWIN L. WIEGAND COMPANY 
7530 Thomas Boulevard, Pittsburgh 8, Pa. 


= 
\ 
| 
| would like to have... ; 
() a copy of Catalog 50 | 
(] a copy of “101 Ways” | 
(_] a Sales Engineer contact me. 
Name | 
Company 
Street | 

| 
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Jan. 14-16—Third National Sym- 
posium on Reliability and Quality 
Control in Electronics; sponsored by 
IRE, ASQC, the RETMA Engineer- 
ing Department and the AIEE, Hotel 
Statler, Washington, D. C. 


Jan. 16-18—13th Annual National 
Technical Conference; Society of 
Plastics Engineers, Inc., Hotel 
Sheraton-Jefferson, St. Louis, Mo. 


Jan. 17-18—1957 Engineers Joint 
Council General Assembly, Hotel 
Statler, New York. 


Jan. 21-25—AIEE Winter General 
Meeting, Hotel Statler, New York. 


Feb. 5-7 — 12th SPI Reinforced 
Plastics Division Conference; The 
Society of the Plastics Industry, Inc., 
Edgewater Beach Hotel, Chicago. 


Feb. 7-8—West Coast Convention; 
Audio Engineering Society, Ambas- 
sador Hotel, Los Angeles, Calif. 


Feb. 14-15-1957 Transistor and 
Solid State Circuits Conference; 
sponsored by IRE, AIEE, and Uni- 
versity of Pennsylvania, to be held 
at University of Pa., Philadelphia, 
Pa. 


Feb. 19—13th Annual Quality Con- 
trol Clinic, sponsored by Rochester 
Society for Quality Control, War 
Memorial, Rochester, N. Y. 


Feb. 25-Mar. 1 Annual Meeting 


Corp., P. O. Box 10596, Pittsburgh 35, 
Pa. by Jan. 15, 1957. 
In addition to these solicited papers, 
a number of invited papers will be 
presented by authorities in the field. 
The Conference is sponsored by the 


| AIEE Committee on Magnetic Ampli- 





fiers and the IRE Professional Group on 
Industrial Electronics. 

Due to the increased interest in mag- 
netic amplifiers apparent at the first 
conference on these components, held at 


| Syracuse in April, 1956, large atten- 
_ dance is expected at the forthcoming 


Second Special Technical Conference 
and Exhibit. As a result, the three-day 
program has been scheduled. 

The technical program will consist of 
four sessions devoted to: Basic Prob- 


| lems and Techniques of Design, De- 


velopment, Manufacturing, and Testing; 
Magnetic Amplifier Applications; Com- 
puting and Switching Applications of 


Calendar of Meetings 


and International Heating and Air- 
Conditioning Exposition, American 
Society of Heating and Air-Condi- 
tioning Engineers (cosponsor of the 
Exposition is the International Ex- 
position Co.), International Theatre, 
Chicago. 


Feb. 26-27—Third Conference on 
Radio Interference Reduction; Ar- 
mour Research Foundation of IIli- 


nois Institute of Technology, Chi- 
cago. 


Feb. 26-28 — 1957 Western Joint 
Computer Conference; sponsored 
jointly by the IRE, AIEE and ACM, 
Hotel Statler, Los Angeles. 


Mar. 6-8—Annual Spring Technical 
Meeting, sponsored by Pressed Me- 
tal Institute, to be held in Cleve- 
land, Ohio. 


Mar. 11-15—Second Nuclear Engi- 
neering and Science Congress and 
Atomic Exposition; coordinated by 
Engineers Joint Council, Convention 
Hall, Philadelphia, Pa. 


Mar. 18-21—SPI Annual National 
Conference; sponsored by The So- 
ciety of the Plastics Industry, Inc., 
Los Angeles-Biltmore Hotel, Los 
Angeles. 


Mar. 18-21—Annual IRE National 
Convention and Radio Engineering 
Show, Waldorf-Astoria Hotel and 
the Coliseum, New York. 


Saturable Magnetic Devices and Cir- 
cuits; and a session devoted to papers 
of general interest falling outside the 
topics just listed. 

In addition to the technical program, 
the Conference will feature exhibits by 
leading manufacturers of magnetic am- 
plifiers, rectifiers, semiconductors, and 
associated equipment. 


Engineers Joint Council Names New 
President 


Joseph Warren Barker, Chairman of the 
Board and President of the Research 
Corp., has been elected president of 
Engineers Joint Council for 1957. Dr. 
Barker, who will take office in January, 
is a graduate of Massachusetts Institute 
of Technology in Electrical Engineer- 
ing. He has served as professor at M.I.T. 
and at Lehigh, later becoming Dean of 
Engineering, Columbia University. 
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Sola-Regulated DC Amplifier Provides 
Reliable Measurement of 2x10°°W Signals 


The Doelcam 2HLA-3 DC Indicating Amplifier has 
introduced a standard of performance heretofore un- 
attainable in the field of amplification and measurement 
of low level dc signals. This precision instrument meas- 
ures signals as small as 2 x 10-° watt. High gain, excel- 
lent linearity, and negligible drift of the 2HLA-3 are 
unaffected by variations in line voltage or tube 
characteristics. 


Contributing to this reliable and stable performance 
of the Doelcam amplifier is its chassis-mounted Sola 
Type CVE Regulated Power Supply Transformer. The 
Sola CVE static-magnetic stabilizer provides a single, 
compact source of plate and filament supply voltages 
regulated within +3%, with input voltage variations of 
100-130 volts. All windings are on the same core, pro- 


SOLA nan. 


ec 


CONSTANT VOLTAGE TRANSFORMERS for Regulation of Electronic and Electrical Equipment ® LIGHTING TRANSFORMERS for All Types of Fluorescent 
© SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 ©¢ NEW YORK 35: 103 E. 


and Mercury Vapor Lamps. 


viding a moderately-priced unit to replace both voltage- 
regulating circuit, or component, as well as conventional 
power transformer. 


These Sola transformers are available in three stand- 
ard models (+3% regulation); or in special designg 
with regulation of one winding as close as +1%. They 
have no moving parts or tubes, and are completely auto- 
matic, instantaneous, and continuous in operation. In 
addition, they provide self-protection against short cir- 
cuit, and require no maintenance. 


Your area representative will be happy to provide you 
with information on the specific benefits of a Sola Type 
CVE Regulated Power Supply Transformer as a com- 
ponent in your product. 


Write for Bulletin 6A-CV-170D 
SOLA ELECTRIC CO. 

4633 W. 16th St. 

Chicago 50, Ill. 





ee 


j 
125th St., TRofalgar 6-6464 © PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 ® BOSTON: 272 Centre Street, Newton 58, Mass., } 
Bigelow 4-3354 © CLEVELAND 15: 1836 Euclid Ave., PRospect 1-6400 @ KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 
3138 E. Olympic Bivd., ANgelus 9-943] @ TORONTO 17, ONTARIO: 102 Laird Drive, Mayfair 4554 © Representatives in Other Principal Cities 
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Shown 
actual 
size 


Dw, designers can incorporate Sylvania’s 
new miniaturized diode in equipment where 
space is at a premium. It meets the standard 
Retma outline of .105” maximum diameter and 
.265” maximum over-all length and meets re- 
quirements for automatic production methods. 
Its construction inherently assures greater 
reliability and superior performance. 


Metal eyelet — fused to glass 
tubing—provides strong con- 
struction and builds in pro- 
vision for cooler operation. 
In Sylvania’s metal to-glass 
package, heat is dissipated 
by the eyelets and leads. 





Preassembled cartridge—By pre- 
assembly of the diode cartridge, the 
metal-to-glass design affords another 
advantage. The whisker and die of the 
diode are not subjected to excessive 
sealing heats. There is no danger of 
breaking down the conductive char- 
acteristics of the diode. 
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features metal-to-glass 








Nickel-plated Steel pin — butt- 
welded to copper lead adds 
structural strength and provides 


Smooth Solder Seal—is possible 
only with glass-to-metal con- 
struction. It adds reliability by 





coupling between the internal P preventing cracks and chips 
diode structure and the metal eyelet for greater when leads are bent at right angles for mount- 
heat dissipation. Nickel plating insures strong ing in printed circuit boards. 


welds, and good solder sealing. 


r 
New whisker mounting—The Write for complete details on this 
use of a crimp hold rather than 1 important new diode development. 1 
, | j 
impulse weld to mount the | Address Dept. A18R i 
whisker eliminates the possibil- L 

ity in production of overheating the tungsten 

whisker. Thus, the conductive properties re- Syivania EEctric Propucts INc. 


p di bed “ liabl 1740 Broadway, New York 19, N. Y. 
main undistur , assuring more reliable per- In Canada: Sylvania Electric (Canada) Ltd. 


formance over longer life. Shell Tower Bldg., Montreal 


W SYLVANIA 


LIGHTING ¢ RADIO ¢« TELEVISION ¢ ELECTRONICS *« ATOMIC ENERGY 
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Telecommunication industrial Sales, 110 Carlson Rd., Rochester 3, N.Y 


He left the latter position to serve as 
special assistant to the Secretary of the 
Navy, 1941-1945. He became president 
of the Research Corp. in 1945. 

As president of Engineers Joint Coun- 
cil, Dr. Barker heads a national organ- 
ization whose membership includes 14 
national engineering groups represent- 
ing more than 200,000 engineers. 


Theme Set for Western 
Computer Conference 


Theme of the forthcoming 1957 West- 
ern Joint Computer Conference will be 
“Techniques for Reliability.” The 
meeting will be held at the Statler 
Hotel in Los Angeles, February 26-28. 
Jointly sponsored by the L.R.E., A.1.E.E. 
and A.C.M., the Conference program 
committee chairman is Louis G. Wal- 
ters, Aeronutronic Systems, Inc. and 
public relations chairman, S. Dean 
Wanlass, of the same company, located 
at 13729 Victory Blvd., Van Nuys, 
Calif. 


RETMA Expands Staff 


Edmund Wellington, Jr., of New York 
City, has joined the Radio-Electronics- 
Television Manufacturers Association 
as staff assistant to the Military Prod- 
ucts Div. His first assignment was to 
assist the Division during its general 
West Coast Membership Meeting in 
Beverly Hills, Calif., Nov. 1-3. 

Mr. Wellington is a graduate of the 
University of Florida and took post- 
graduate work at Georgetown Univer- 
sity in Washington, D. C. 

In addition to the RETMA Military 
Products Div. assignment, Wellington 
will be in charge of the Association’s 
membership solicitation. 


Audio Engineers to Meet in Los Angeles, 
During High Fidelity Show—The 1957 
West Coast Convention of the Audio 
Engineering Society will be held Febru- 
ary 7-8, in the Ambassador Hotel, Los 
Angeles. The meeting, which will ac- 
company the Los Angeles High Fidelity 
Show, is being sponsored by the So- 
ciety’s Los Angeles Section. 

Norman Chalfin, Hughes Aircraft 
Corp., Culver City, is papers chairman 
for the convention. 

Ross A. Snyder of Ampex Corp., 
Redwood City, is Western vice president 
of the Society. 


The Franklin Institute to 
Honor Dr. Floyd A. Firestone 


At the Annual Medal Day ceremonies, 
October 17, of The Franklin Institute 
of Philadelphia, Pa., Dr. Floyd A. Fire- 
consulting physicist, inventor, 
technical editor, and educator, was 
awarded the Edward Longstreth Medal 
for his work in ultrasonics. 

The Institute is recognizing Dr. Fire- 
stone “For his invention and develop- 


stone, 








BOWMAR 


ASSEMBLIES 









ISION 
REDUCER 


ELECTROMECHANICAL 


Illustrated above are typical pre- 
cision control and indicating com- 
ponents designed and built by 
Bowmar. When your projects call 


PRECISION 


for such precision instrumentation, 
an inquiry to Bowmar is clearly 
in order. 


Write for ‘PRECISION ELECTRO- 
MECHANICAL COMPONENTS” Catalog. 


ee 


INSTRUMENT CORPORATION 


2420 Pennsylvania St 


Ft. Wayne, Ind 
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industrial 





FERRAMIC 


aa ceramics 










consult... 


i. 
Us 


“ADVAC” HIGH 
TEMPERATURE 
SEALS 





General Ceramics design and production facilities are 


‘ se, oO, In many cases, standardized designs and production 


geared to today’s electronic and electrical requirements. 


—_ 
amen methods can reduce costs and facilitate delivery. When 
“sae specifications call for new designs and engineering, 


General Ceramics’ half century of ceramic manufacturing 
experience is available to help solve your problem 


quickly, and economically! 





For Complete information, 
Soe call or write Department ME 


Manufacture?s of FERRAMIC CORES, MAGNETIC MEMORY CORES, MEMORY PLANES, MICROWAVE FER- 
RITES, SOLDERSEAL TERMINALS, HIGH TEMPERATURE SEALS, STEATITE, ALUMINA & CHEMICAL STONEWARE 
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THE SAFEST MOTORS 


ARE 


PROTECTED 


WITH 


MIGHTY 
MITES 

















Model 
SU 100L 


Actual 
Size 








AVAILABLE IN VARIOUS 
MODELS FOR EVERY 
APPLICATION 


Mighty Mite Thermal Protectors 
give motor windings truly de- 
pendable and continuous protec- 
tion against charring of insula- 
tion, burn-out and eventual cus- 
torfier dissatisfaction. U. L. rated 


thru % H.P. 


Mighty Mites are supplied “ready-to- 
use” and fit into electric motor stators 
without design changes or special 
assembly procedure. Our accurate 
temperature calibration of Mighty 
Mites to specific motor requirements 
assures safe and positive performance 
in your motors and equipment. 
Mighty Mite protectors are tamper- 
proof and thoroly dependable. 


Write or phone today 
for engineering data. 


MECHANICAL INDUSTRIES 
PRODUCTION COMPANY 


221 ASH ST. AKRON, OHIO 
Phone Portage 2-7673 


ment of a practical industrial tool for 
the detection and measurment of the 
location and extent of defects in metal 
parts by ultrasonic means,” namely the 
ultrasonic reflectoscope. 


Date Set for Western Metal Exposition 


The 10th Western Metal Exposition, 
Mar. 25-29 in Los Angeles will fill Pan- 
Pacific Auditorium and three huge 
canvas pavilions. This is the prediction 
of William H. Eisenman, national sec- 
retary, American Society for Metals, 
now on the coast to complete arrange- 
ments. 

This will be the first time the ASM 
show has occupied a third pavilion. 

The 10th Western Metal Congress on 
the same dates in Los Angeles’ Am- 
bassador hotel will include technical 
sessions by American Society for 
Metals, Los Angeles Section of Ameri- 
can Welding Society, Society for Non- 
Destructive Testing and American In- 
stitute of Mining and Metallurgical 
Engineers. 

A titanium conference, like the first 
one given at university level two years 
ago in cooperation with New York Uni- 
versity, but of greater scope, also will 
be sponsored by ASM’s Metals Engi- 
neering Institute during the congress. 

Cooperation in presenting the confer- 
ence has been promised by the Titan- 
ium Metals Laboratory of Battelle 
Memorial Institute, Columbus, and Dr. 
Walter L. Finlay, vice president. Rem- 
Cru Titanium, Inc. Reservations for the 
Conference are being taken now by 
ASM offices, 7301 Euclid Ave., Cleve- 
land. 


50,000 Engineers Expected at IRE 
Convention 


An attendance of at least 50,000 radio 
engineers and scientists is expected for 
the annual Institute of Radio Engineers 
National Convention and Radio Engi- 
neering Show, which will be held at the 
Waldorf-Astoria Hotel and the N. Y. 
Coliseum, Mar. 18-21, 1957. 

A comprehensive program of fifty-five 
technical sessions is being set up by the 
Technical Program Committee with the 
assistance of all IRE Professional 
Groups. Thirty-three will be held at the 
Waldorf and twenty-two at the Colli- 
seum. Two highlight sessions, “Future 
Use of Air Space” and “Microminia- 
turization—The Ultimate Technique,’ 
will be held the evening of Mar. 19. 

All four floors of the new Coliseum 
will be set aside for the use of 840 ex- 
hibitors at the Radio Engineering Show. 
For registrants’ convenience, computers 
and communications exhibits will be 
grouped together on the first floor; com- 
ponent parts exhibits on the second; 
instruments, microwave and compo- 
nents exhibits on the third; and _ pro- 
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When you think of 





Think of Handy & Harman 


Because... 


@ Handy & Harman is the leading manufacturer of silver and silver alloys for industry. 


@ During 90 years in precious metals, Handy & Harman has helped develop many 
of the uses of silver by industry. 


@ Experience and research have established Handy & Harman as the Number | 
authority on silver. 


This experience and knowledge is at your call. Whatever 
your silver requirements, Handy & Harman is anxious 
to be of service. 


Here are some of the forms Handy & Harman manufactures: 





@ Fine Silver (wire, strip and foil) @ Silver electronic solders 

@ Silver anodes and grain for plating @ Silver sintered metals 

@ Silver contact alloys @ Solder - flushed silver alloys 
@ Silver powders @ Silver chloride and oxide 
@ Silver flakes and paints @ Coin Silver (wire and strip) 
@ Silver brazing alloys @ Silver Bi-metals 


For your information file 


We have four Technical Bulletins giving en- 
gineering data on the properties and forms 
of Handy & Harman Silver Alloys. We Your NO. 
would like you to have any or all of those 
that rae interest you. Your request, 
by number, will receive prompt attention. 









Source of Supply and Authority on Silver Alloys 
HANDY & HARMAN 








| Fine Silver. . . © . . « « ~ Bulletin A-1 General Offices: 82 Fulton St., New York 38, N. Y. 
Silver-Copper Alloys. . . . . . Bulletin A-2 

Silver-M iid. x letin A- OFFICES ond PLANTS * BRIDGEPORT, CONN. 
i, Baits Saaines seen pie PROVIDENCE, R. |. * CHICAGO, ILL. CLEVELAND, 


OHIO * DETROIT, MICH. ¢ LOS ANGELES, CALIF. 
TORONTO, CANADA ¢ MONTREAL, CANADA 
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duction tools, materials and services 
exhibits on the fourth floor. 

Winners of annual IRE awards will 
be honored during the annual banquet, 
Mar. 20. 

Reports by Haraden Pratt, IRE 
Secretary, and W. R. G. Baker, IRE 
Treasurer, will be presented at another 
of the Convention’s important events, 
the Annual Meeting on the opening 
morning of the Convention. Donald G. 
Fink, Director of Research of Philco 
and Editor of IRE will be the guest 
speaker and will discuss “Electronics 
and the TIRE—1957”. 


Dielectrics Section Established at 
Bureau of Standards 


The Dielectric Section, a new unit for 
fundamental investigations of the di- 
electric properties of matter, has been 
established at the National Bureau of 
Standards. Part of the Electricity and 
Electronics Div., the new section will be 
headed by Dr. John D. Hoffman. 

Primary purpose of the new section 
will be to augment the present knowl- 
edge in the field of dielectrics by con- 
ducting experimental and theoretical 
studies on substances which act as 
electrical insulators. Specific areas of 
research will include polymeric sys- 
tems; direct current conductivity of 
dielectrics; methods of increasing the 
accuracy of dielectric measurements on 
solids especially at audio and lower 
frequencies; and fundamental studies 
on molecular and ionic crystals. Work 
will also be initiated on dielectric stand- 
ards for use in the audio frequency 
range. 


IRE Announces 1957 Awards 


Recipients of three awards for 1957 have 
been announced by The Institute of 
Radio Engineers, Inc., the presentation 
of which will be made during the IRE 
National Convention, Mar. 18-21, New 
York City. 

The Morris Liebmann Memorial 
Prize Award will go to O. G. Villard, 
Jr., Professor, Stanford University, 
Stanford, Calif., “for his contributions 
in the field of meteor astronomy and 
ionosphere physics which led to the 
solution of outstanding problems in 
radio propagation.” 

Donald Richman, supervising engi- 
neer, Hazeltine Corp., Little Neck, N. Y., 
will receive the Vladimir K. Zwory- 
kin Prize Award “for contributions to 
the theory of synchronization, partic- 
ularly that of color subcarrier refer- 
ence oscillator synchronization in color 
television.” 

The Harry Diamond Memorial Prize 
Award will be given to Georg Goubau, 
physicist, Signal Corps Engineering 
Labs., Ft. Monmouth, N. J., “for his 
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with MADISON-KIPP 


zinc and aluminum die castings 






The “Shooting” of a die casting is spectacular far be- 
yond what can be imagined, even by examining complicated 
die castings. 

The split second interval from molten metal to a cast- 
ing having maximum process utilization must, however, be 
backed by seasoned skill. 

At MADISON-KIPP the practiced, practical die de- 
signers have given substantial assistance to highly placed 
designers and engineers for over a quarter century. 

Please clip this ad as a reminder to contact us when you 
have die casting requirements. 






@)e MADISON-KIPP CORPORATION 


214 WAUBESA STREET + MADISON 10, WIS., U.S.A. 





Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 
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HOUR METER 


HOUR METERS 
Fo ipryccing current 


The Hobbs AC Hour Meter indicates operating time of any machine or equip- 
ment powered by alternating current — basic time data essential in the study of 
utilization and production methods . . . and vital for protective maintenance 

rograms. Wide range of applications — small, compact, easy to install. Rugged- 
y built and sealed against moisture and dust. Powered by an accurate synchron- 
ous motor specially designed for this instrument. Easy to read — tells at a glance 
accumulated time of operation to 10,000 hours, showing 1/10th hours. Also 
available in 100,000 hour models. 


@ Write for Catalog AC-587 with complete information. 


ohn W. Hobbs Corporation 


2078 YALE BLVD. SPRINGFIELD, ILLINOIS 


A Division of Stewart-Warner Corporation 














TIMER RELAY 
that handles all 
controlled timing 


Ros 
problems ... 


% No false contacts 

% Non sticking 

% Practically "fail safe" 
% Low cost timer 


Durakool 


STEEL MERCURY TIMERS 






COIL 
ENERGIZED 





This steel clad, factory set, tamper 
proof Durakool timer-relay is prac- 
tically non-breakable. Operating life 
multiplied 5 to 6 times by new 
plunger construction features. Com- 
binations of operate-release time de- 
lays from 0.15 sec. to 20 sec.—either a somes 
normally open or normally closed 

action. 


See telephone directory for local distributor, or write. 


DURAKOOL, INC. 


ELKHART, INDIANA, U.S.A. 
700 WESTON RD., TORONTO 9, CANADA 
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many contributions in ionospheric re- 
search and circuit theory and for his 
discovery of the surface wave transmis- 
sion principle.” 


ASTM Plans Radiation Studies on 
Plastics and Insulation 


The American Society for Testing Ma- 
terials has formed a subcommittee to 
study the effects of nuclear and high en- 
ergy radiation on the properties of plas- 
tics and electrical insulation. Chairman 
of the new subcommittee is D. S. Ballan- 
tine of Brookhaven National Laboratory. 

At the first meeting of the group in 
St. Louis, Oct. 16, 1956, the chairman 
emphasized the great need for stand- 
ardization in the field of radiation ef- 
fects. The data already existing in the 
field of radiation effects on materials 
are in many cases confusing, and in- 
stances of outright contradictions are 
not uncommon. 

Prime objective of the new subcom- 
mittee is to establish where possible. 
standard methods of irradiation and 
standard methods for determining the 
effects of radiation on the physical and 
chemical properties of plastics and 
electrical insulation. 

Those interested in assisting the work 
of this committee are invited to write 
to the chairman, D. S. Ballantine, 
Brookhaven National Laboratory, Up- 


ton, N. Y. 





Engineering 
Standards 


Ferrite Flyback Transformer Cores 
Recommended procedure for accept- 
ance inspection of ferrite flyback trans- 
former cores by electronic equipment 
manufacturers has been published by 
the Ferrites Division of the Metal Pow- 
der Association as MPA Standard 20- 
56. The test procedure is intended to 
provide “uniformity of measurement 
and comparison throughout the industry 
for inspection” rather than complete 
evaluation of core materials. 

Test conditions are specified for 
nickel-zinc and manganese-zinc ferrites. 
The method employs a signal generator, 
audio amplifier and a Fluke volt-amp- 
watt meter. 

Copies of the standard are available 
from the Metal Powder Association, 
130 W. 42 St., New York 36, N. Y. at 


25 cents each. 
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CLOSE TO THE 4 
BILLION DOLLAR MARK 


Torrington air-impellers 

are contributing to the quality 

and saleability of products valued 

at nearly $4 billion a year. A 

partial list of product categories: 

Room air conditioners 

Automobile heaters and atr- 
conditioners 

Cooling towers 

Commercial coolers 

Window ventilators 

Kitchen fans 

Hassock fans 

Electronic cooling devices 

Space heaters 

Oil burners 

Umit heaters 

If you have a design or manufac- 

turing problem involving air- 

impeller equipment, Torrington’s 

industry-wide reputation is your 


assurance of quality and service 











THe 


TORRINGTON 


MANUFACTURING COMPANY 
TORRINGTON, CONNECTICUT 
VAN NUYS, CALIFORNIA: OAKVILLE, ONTARIO 
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For these selected publications on ma- 
terials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELECTRICAL MANUFACTURING 
as your source. 





bination of their utility and the infre- 


quency of their publication in standard 
METAL CASED 





| reference works. Many of the tables are 
original and provide information in the 
| fields of physics, engineering, plastics. 
and other areas of technical and scien- 
tific activity. Copies of both the original 
and of the supplement may be obtained 
by writing on company letterhead to 


RUGGED rting on company 
| the United States Testing Laboratory. 
meee eee eK - Inc., 1415 Park Ave., Hoboken, N. J. 
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| POWER AND GAS TUBES—Revised 24- 
page edition of booklet on RCA power 
and gas tubes, Form No. PG10I1C, con- 


®@ Peak-to-Peak Voltage Ranges tains technical data on 155 types of 

up to 3200 volts peak-to-peak | tubes including: vacuum power tubes, 

rectifier tubes (vacuum, mercury-vapor 

es Extra-Large 5,” Wide-Angle Meter and gas), thyratrons (gas os mer- 

. i | cury-vapor). Information is also pro- 

ome | vided on ignitrons, magnetrons, and 

@ High-impedance Voltage Ranges (AC and DC) vacuum-gauge tubes. A base or ter- 

up to 1200 volts minal-connection diagram is provided. 

Photograph of representative tube types 

@® Measures Resistance up to 1000 Megohms in each tube family are shown. Copies 

in 5 overlapping ranges of the booklet may be obtained by 

| sending 20¢ for each copy to Com- 

@ Zero-Center Reference Ranges mercial Engineering, RCA Tube Div., 
simplify FM discriminator balancing Harrison, N. J. 


FIBER-GLASS REINFORCED POLYESTER 





Model 68: In rugged, blue-gray ripple- ' a ae shart 
finished steel! cabinet. Size 5%”x7%” '! Model 78 LAMINATES Comprehensive ' é 
x3¥%2”. Complete with tubes, internal 4 Battery-Operated lists twenty electrical and physical 
Son manual, tot oe 354.50 ! VTIVM | properties of company’s eleven standard 
a ! egy ape pede grades of a fiber-glass reinforced poly- 
Accessories Available for Models 68 & 78 ! or ae power _ ester laminate. Designed to aid in the 
connection is unde- : ana a tis . 
RF-12 High Freq. Probe_Net Price: $10.95 sirable. Provides | selection of electrical insulation for 
TV-4 High Volt. Probe.Net Price: 14.75 | a ae Class B temperature application, the 
Send for free 1956 catalog with detailed i cased. Rugged e chart lists such data as swelling in 
descriptions and specifications of the entire te. . bs 
precision line of test instruments for in-  ' Net Price $62.50 humidity and after heat; flexure as re 
dustry and electronic seryice-maintenance. 1 (including Batteries) ceived, after heat and when hot; and 
eae rigidity as received and when hot. Data 


on are resistance, dielectric strength, 
power factor and other properties are 


PRECISTON apparatus Company, inc. | also provided. To obtain copies of the 









70-31 84th Street, Glendale 27, L. I., N. Y. | chart, write on company letterhead to 
: naa The Glastic Corp. 4321 Glenridge 
% o Export: 458 Broadway, New York 13, N.Y., U.S.A. @ Cables: MORHANEX Ohi 
* Merce op ate” Canada: Atlas Radio Corp. Ltd. e 50 Wingold Ave., Toronto 10, Ontario Road, Cleveland 21, io. 
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Mallory Gyromet«.. 


the Alloy for Future Gyroscopes 


Gyromet—a new gyroscope material having higher tensile 
strength and greater elastic limit, will: 






Rotate at Greater Speeds 
Gain Greater Momentum 
Give Increased Accuracy 
Provide Added Safety 
Machine Readily 

Further Miniaturization 
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120 






Here is a brand new product of Mallory powder-metallurgy 
research—designed for applications yet to come. If this 
opens a path to your research problems—ask for further 
information on Mallory 1000 Gyromet, Bulletin 6-15. 


110 






If your needs are not so critical as to require the advanced 
features of Gyromet, look into the features of Mallory 1000 
—the alloy which has set today’s standards for counter- 
balance and rotational inertia problems. 


100 


90 


*Trademar! 


1000 R.P.M. 
40 50 60 70 80 


30 









Permissible rotation speeds within the 
elastic range of Mallory 1000 Gyromet 
rotors of various outside and inside 


20 


diameters. Proportional elastic limit— 


10 


1 WM Wa % 2 2M 2% 2% $%F 3% 3% 3% $44 4% 4% 
0.D. IN INCHES 


In Canada, made and sold by Johnson Matthey and Mallory Ltd., 
110 Industry Street, Toronto 15, Ontario 


Expect more...get more from 


Serving Industry with These Products: 





P.R.MALLORY & CO. Inc. 


ALLOR 


. MALLORY & CO. Inc., INDIANAPOLIS 6, INDIANA 


Electromechanical — Resistors * Switches * Tuning Devices * Vibrators 
Electrochemical — Capacitors * Mercury and Zinc-Carbon Batteries 


Metallurgical — Contacts * Special Metals * Welding Materials 








For information on titanium developments, contact Mallory-Sharon Titanium Corp., Niles, Ohio 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








S VV 7/2ON vacuum Process Book 
SELENIUM RECTIFIERS | Reviews 





Handbook of Industrial Electronic Con- 
trol Circuits, by John Markus and Vin 
Zeluff. McGraw-Hill Book Co., Inc., 
330 West 42nd St.. New York 36, 
N. Y., 352 pages, $8.75. 


In this guidebook, over 300 circuits 
are presented, chosen particularly for 
their value to engineering designers of 
control devices and systems and as an 
aid to engineers seeking new circuits 
| that merit consideration for a particular 

electronic control application. The sig- 

nificant work of other control engineers, 
| conveniently collected, is presented to 
| reduce need for laboratory research and 
experimentation. 

Circuits are logically grouped in 
chapters according to function, with 
emphasis on automatic control through- 
out. Each circuit is described and in- 

| formation provided on its general na- 
ture, performance characteristics, data 
| on critical components, and suggested 
| applications. An entire chapter is de- 
voted to practical transistor circuits. 

Additional chapters are devoted to 
photoelectric circuits, power supply cir- 
cuits and remote control circuits. Other 
chapters cover temperature control, tim- 





Assure Dependability .... 
Consistent Quality at Low Cost 


Syntron Selenium Rectifiers provide efficient, economi- 


; : 7 ing. ultrasonic control, welding control. 
cal a-c to d-c power conversion. Syntron’s quality con- and d-c amplifier circuits. In still other 
trol process results in rectifiers of extreme uniformity chapters data are presented on motor 


control and capacitance contro] circuits. 


and stability. Lightweight, yet rugged, they are con- 
structed to withstand shock, vibration and adverse 


| 
| among other types. Circuits may be 
| located by functional chapter headings. 


climatic conditions. Low forward voltage drop means _|_,, [ht book is a sequel to the authors 
: : : | Handbook of Industrial Electronic Cir- 
greater efficiency, extremely low ageing and long life. | cuits, but the selection of circuits is 


Widest range of sizes in the industry. new. 


Other SYNTRON Equipment 
of proven dependable quality 


ELECTRIC HEATING INFRARED HEATING SINUATED ; 
ELEMENTS PANELS WIRE Postcard return cards are provided 


on preceding back cover aS a con- 


=“ 


venience to the reader in obtaining 


further information on 


New Components and Materials 





Literature for the Design Engineer 





Feature Article Reprints 


Write for complete catalogue data—FREE Advertised Products 


SYNTRON COMPANY 





Cea ea be ee) Homer City,Penna. 
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Not just for your special-purpose motors... 


- purpose motors also desoue —' d 


2 Jee 
ioe ( 





ATIONAL 


TRADE-MARK 


Get the right commutating ability for the particu- 
lar type of motor and the given service conditions 


Fou regulon duty a handsome choice 


of grades with proven dependability... beg it’s 5 or 250 h.p.... light = — 
ty...motor or generator...the right 

. A-45  SA-35 255 : Sele ae 
-— a brush pays big dividends in efficient 
UMUS output and long equipment life. When- 
Fou ual dudy light or ever you have a problem concerned 
severe, many specialized grades including... with brush performance and commu- 
SA-4548 SA-3538 258 tation, feel free to call on NATIONAL 

SA-4542 SA-3532 CarBon for specialized advice. 





The term “National”, the Three Pyramids Device and the Silver Colored Cable Strand are registered trade-marks of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY ~~: A Division of Union Carbide and Carbon Corporation + 30 East 42nd Street, New York 17, WN. Y. 
Sales Offices: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco. In Canada: Union Carbide Canada Limited, Toronto 
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... won't crack or craze 
or lose its 8,000 volt 
dielectric strength! 






ec 


GREASE IT! TWIST IT! 


.. repeatedly! 


ITT b 
VINYL 
GLASS 

INSULATION 
SLEEVING 





Where requirements call for an insulation that can 
take constant abuse . . . flexing, creasing, pounding 
and twisting, without cracking, crazing or loss of dielec- 
tric strength . . . specify Resinite Vinyl Glass. This 
superior vinyl impregnated Fiberglas® sleeving sur- 
passes all NEMA standards and offers these many 
advantages: 


e 8,000 volt minimum dielec- ¢ No wicking. 
tric breakdown rating (Grade e Grades B-A-1, B-B-1. B-C-1 
8000). and B-C-2. 

e Excellent chemical and oil Sizes #24 to 54”. To 2” on 


resistance. special order. 
e Outstanding abrasion and cut: e Eleven colors. 
through resistance. e Priced comparably to ordinary 


For operation from —50° to cotton or rayon base insula- 
395°F (20 hours). lations. 


Call your Resinite representative or write for samples 
and performance data. Test Resinite Vinyl Glass in 
your own lab and prove its vast superiority. 

*Reg. TM-Owens-Corning Fiberglas Corp. 


wy 





Men in Industry 


Daniel Haagens has joined the Elec- 
tronic Computer Div. of Underwood 
Corp., New York, as staff consultant 
assigned to new systems development 
and integration of Elecom data process- 
ing equipment with the company’s 
electromechanical products. Formerly 
attached to the firm’s General Research 
Laboratory at Hartford, Conn., Mr 
Haagens also served with the Arma 
Div. of American Bosch Arma Corp 
and the Control Instrument Co. 


Walter R. Bush has been appointed 
vice president in charge of engineering 
and a member of the Management Com- 
mittee of Fenwal Inc., Ashland, Mass., 
manufacturer of temperature controls 
and fire and overheat detectors for in- 
dustrial and aviation applications. He 
will be responsible for all research and 
applied engineering work on such prod- 
ucts as aircraft fire detectors, jet engine 
controls, industrial thermostats and 
newly-developed process control sys- 
tems. He will also direct current and 
contemplated work on a variety of new 
control developments. 


Dr. Ben R. Gossick has been ap- 
pointed chief engineer in charge of the 
Circuitry Department of the Semicon- 
ductor Products Div. of Motorola, Inc. 
in Phoenix. In this position he will be 
responsible for transistor electrical 
evaluation, testing procedures and spe- 
cifications. His function also includes 
customer circuit engineering and tran- 
sistor circuitry research. For the past 
several years he has been engaged in 
semiconductor research at Purdue Uni- 
versity where he received his Doctor 
of Philosophy degree in physics. 


Wayne Parcel has joined Dalmo Vic- 
tor Co., Belmont, Calif., as chief metal- 
lurgist. Formerly supervisor of manv- 
facturing research with Rem-Cru 
Titanium, Inc., Dr. Parcel, in his newly 
created post, will act as company con- 
sultant on all metallurgical problems 
relating to materials and processes and 
will organize and administrate a metal- 
lurgical laboratory. Dalmo Victor is a 
division of Textron, Inc., a leading 
manufacturer of aircraft radar anten- 


ial: Dorden COMPANY 


CHEMICAL DIVISION «© RESINITE DEPT. »« BOX 1589 SANTA BARBARA, | ea IL) 





nas and related airborne equipment. 
The company has pioneered in the tool- 
ing of lightweight metals. 


SPECIALISTS IN VINYL SLEEVING AND TUBING FOR THE AIRCRAFT, ELECTRONICS, ELECTRICAL AND PHARMACFUTICAL FIELDS 


268 JANUARY 1957 ELECTRICAL MANUFACTURING 





INDESTRUCTIBLE DIE CAST 
ALUMINUM ROTOR 


BLOWER HOUSING 


er 
a \ A 
AXIAL FLOW FAN —) 


p 
Fs = 


HEAVY DUTY THREE PHASE 
INDUSTRIAL FAN MOTOR 


SPECIAL STATOR 


oO FOR HIGH REVERSALS 












A complete line of 
standard rerated mo- 
tors in frames 182 
through 326U now in 
stock. Special rerated 
motors are available 
on short delivery. 





THE LOUIS ALLIS CO. 


MILWAUKEE 7, WISCONSIN 
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ew 
Rhodium 
Plate 
Wont 
Curl,Crack 
or Peel! 





A rhodium plating process that 
produces *Compressively 
Stressed deposits . . . devel- 
oped specifically for industrial 
applications. RHODEX will 
materially increase the fatigue 
resistance of the metal over 
which itsis deposited. 


* Patent Pending 





a Tre 
EM-1 

' ¥ 
5 SEL-REX CORPORATION t 
' Precious Metals Division ' 
* 155 Manchester Place, Newark 4, N.J. ' 
: Please rush descriptive literature and . 
8 technical data on Sel-Rex RHODEX (Com- &8 
pressively Stressed Rhodium.) ; 
. t 
as NAME ‘ 
r ' 
AO sachin cence . 
+ ' 
TO EE ee 
' ' 
a CITY a 
' ' 
& ZONE Se Giiccinte Sitacaiiebiihsipaieaskcaticet 
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Company Briefs 





The new Wapakoneta. Ohio plant of 
the Superior Tube Co. will more than 
triple the floor space of the company’s 
present leased facilities and boost by 
30 per cent its production of small 
tubing and electronic parts for mid- 
western and central state customers. 
The new 63,000 sq ft facility is part 
of Superior’s expansion program in 
four states and in England. Headquar- 
ters for the company are in Norristown, 


Pa. 


The $1,750,000 expansion of the 
Bridgeport plant of Continental-Diamond 
Fibre Div. of The Budd Co., is in line 
with the organization’s policy of pro- 
moting the growth and development of 
the Division’s fibre making operations 
expressed by The Budd Co. when it ac- 
quired Continental-Diamond as a 
wholly owned subsidiary, July 1955. At 
that time it was stated that the basic 
purpose of the expansion is to make 
Continental-Diamond Fibre Div. the 
lowest cost producer in the fibre indus- 
try. Completion of the 65,000 square 
foot structure scheduled for next year. 


Norden-Ketay Corp. has leased a 
building in Stamford, Conn., which will 
be built for their use as a central re- 
for missile work as 
well as for executive offices. In addition 
to the one story 


search laboratory 


building containing 
36.000 square feet, present plans call 
for an additional building increasing 
the total space to 96,000 square feet for 
office and laboratory facilities. 


Formation of a Special Engineering 
Products Diy. has been announced by 
International Business Machines Corp., 
for the design. development, and manu- 
facture of nonstandard computing and 
data handling ecomponents, machines 
and systems; and the modification of 
standard and or other equipment to 
meet special commercial and scientific 
data processing requirements. The new 
Division will be headquartered, for the 
present, at the Company’s Poughkeepsie 
facilities. Future plans call for con- 
struction of the completion sometime in 


1957 faculty in Yorktown, N. Y. 


An industrial “road show,” is spark- 
ing fresh ideas for design engineering 
shortcuts. “Metal in Motion,” is tailored 
to present the advantages of the im- 
pact extrusion for products 
ranging from flashlight cases to parts 
for guided missiles. Further informa- 
tion on demonstrations may be obtained 
from Harry N. Malone, Aluminum Com- 


process 


pany of America, 
Pittsburgh 19, Pa. 


1501 Alcoa Bldg., 


Expansion of production and engi- 
neering facilities required by accep- 
tance of its products has required the 
Polytechnic Research and Development 
Co., Inc. to acquire an additional floor 
in its building at 202 Tillary St., 
Brooklyn 1, N. Y. The company manu- 
factures microwave test equipment, 
metal film resistors, and related prod- 
ucts. 


Milro Controls Co., Park Ridge, N. J. 
is a newly organized company formed 
by Milton Rosen, formerly chief engi- 
neer of Bart-Messing Corporation’s Rec- 
tifier Equipment Div. The new company 
will engage in the design, engineering 
and production of magnetic amplifiers 
and transistor-type products. 


Directors of Consolidated Electrody- 
namics Corp., Calif., have 
approved purchase of the major assets 
of R. A. Castell and Co., Glendale. 
Calif., electronic components manufac- 


Pasadena, 


turer. Formed in 1949, the components 
firm has specialized in electronic sub- 
assembly work, particularly in the 
missile field and in the development of 
connectors for 


miniature electrical 


high-voltage operation at great alti- 
tudes and adverse environmental condi- 
tions. The new acquisition will be known 
as the Glendale Division of Consolidated 


Electrodynamics Corp. 


Phileo Corp. has concluded arrange- 
ments with the Crosley and Bendix Home 
Appliances Div. of Avco Manufacturing 
Corp., Philco’s 
ranges will be manufactured at Avco’s 
Nashville, Tenn. plant to Philco speci- 


under which electric 


fications. Philco will continue its range 
engineering, development and design 
work at its Philadelphia headquarters, 
but will close its plant at Mt. Clemens. 


New facilities for flattening and 
tinning alloy wire are now available at 
Little Falls Alloys, Inc., 189 Caldweli 
Ave., Paterson, N. J., manufacturer of 
nonferrous wire in a wide range of 


forms, sizes and tempers. 


Granger Associates has joined the 
ranks of electronic firms on the San 
Francisco peninsula, already a major 
of electronic research and manufac- 
turing. Formed as a California corpo- 
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ANNOUNCING! 


oi 


: Air Control Valves - 
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Send For 


FREE FILE 


of new valve data 


A new valve series to help you solve thousands of design problems, 
use air more effectively, get the benefit of parts interchangeability! 
It’s the ROSS Starline Series. Over 500 valve models. In-line or 
base mounted, solenoid or air actiyated. 14” through 114” sizes. 
Both standard and JIC construction. Write for free data file! 


A galaxy of new air-control stars are coming your way from 
k OSS OPERATING VALVE CO. 


133 E. GOLDEN GATE AVE., DETROIT 3, MICHIGAN 
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New! witco.ator’s 


TYPE LS 
Snap-Action Pre-Set 
Temperature Limiting 


THERMOSTAT 


This new Thermal Switch 
is designed to open or 
close an electrical cir- 
cuit when heated above 
its control set-point. It 
can be furnished at any 
setting from 125° F. to 
250° F. 













FOR USE ON: 


Space Heaters 
Clothes Dryers 
Air Conditioning 
Equipment 
Home Furnaces 
etc. For complete data sheet, write today 


1001 Newark Avenue, Elizabeth, N. J. 
Canadian plant: Wilcolator (Canada) Ltd. 


ML 1 A Ue Mimico, Toronto, Canada. 
Ghee Export Address: Wilcolator, 1010 Schaff Bldg., 
1505 Race St., Philadelphia, Pa. 
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jog has the AC solenoids 
>» you need... in 

) the quantity 
you need! 


WeEsCo’s famous Series 100, 200 and 
400 AC solenoids—75 models in all — 
are immediately available in small 
or large quantities! One of these de- 
signs may fit your requirements. If 
not, WESCo engineers will design a 
special solenoid for your application. 
Inquire now. 












© 


Series 400 || 


SERIES 200 


WesCo designs and manufactures aircraft 
solenoids for military and commercial appli- 


The trademark ao cation. Write for complete catalog. 


on millions of 
solenoids since 1927 





les'@o WEST COAST 
[a ELECTRICAL MFG. CORP. @ 
233 W. 116TH PLACE + DIVISION 105 * LOS ANGELES 61, CALIFORNIA * PLymouth 5-1138 | 
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ration of last month, Granger will en- 
gage in the development and manufac- 
ture of electronic systems for military 
and commercial applications. President 
is Dr. John V. N. Granger, until re- 
cently assistant director of engineering 
and head of the Radio Systems Labora- 
tory of Stanford Research Institute. The 
new company has temporary offices at 
801 El Camino Real in Menlo Park, 
Calif. and plans to erect its initial man- 
ufacturing facilities in the near fu- 
ture. 


Approval of terms for a merger he- 
tween Midwestern Instruments, Inc.., 
Tulsa, Okla., and Magnecord, Inc., Chi- 
cago, will result in the operation of 
Magnecord as a division of Midwestern 
Instruments, with an integration of per- 
sonnel of both organizations. Midwest- 
ern has its headquarters in a new 
86,500 sq ft building in Tulsa, while 
Magnacord occupies a 72,500 sq ft 
plant in Chicago. 


Construction of a new facility at San 
Carlos, Calif. for the manufacture of 
transmitting and ceramic receiving 
tubes will begin early this year, ac- 
cording to an announcement from 
Eitel-McCullough, Inc., San Bruno, 
Calif. Addition of the 150,000 sq ft 
structure will complement the produc- 
tion and research activity at the main 
company plant. The new facility will 
be used primarily for the manufacture 
of new high-performance _ electron 
tubes resulting from the company’s ex- 
tensive research and development pro- 
gram of the last few years. 


The Vibrator Division of P. R. Mallory 
and Co., Inc. is now operating in a new 
plant in DuQuoin, Ill. The facilities 
house all the company’s vibration divi- 
sion management, engineering and 
production personnel. Coincident with 
the move to the new plant, Mallory 
put into production three new vibra- 
tor designs for electronic applications 
and mobile communication equipment 
that have been undergoing extensive 
laboratory and field testing for the last 
year. 


At its new branch headquarters facil- 
ity at 2001 South Grand Ave., Los An- 
geles, Weston Electrical Instrument 
Corp. is displaying its current capacity 
for producing product lines for meeting 
demands for its instruments and com- 
ponents. The new facility has a floor 
area of 5.000 sq ft. 


Crucible Steel Company of America, 
Pittsburgh, has acquired the entire in- 
terest of the National Research Corp. in 
Vacuum Metals Corp., which now be- 
‘omes a wholly owned Crucible sub- 
sidiary. The country’s first commercial 
producer of high-vacuum cast metals 
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Flux pattern of experimental magnetic circuits 


Adapted from an article by Charles A. Maynard, 
vice president, Research and Engineering, 


The Indiana Steel Products Company 


The LOCATION of permanent magnets in 
a magnetic circuit is a definite factor in de- 
sign. To determine the extent to which this is 
true, involved calculations are necessary. 

A comparatively simple experiment, how- 
ever, which shows the nature of the changes 
that take place when permanent magnets are 
placed in different positions in a magnetic 
circuit, was devised by Mr. Maynard. The 
material on which the following questions 
and answers are based was taken from a re- 
port, “‘An Experiment in Magnet Location,” 
published in Vol. 3, No. 5, of Applied Mag- 
netics. A copy of this issue is available on 
request to The Indiana Steel Products Co., 
Dept. B-1, Valparaiso, Ind. 


Question: What affect does the location 
of permanent magnets have on a magne- 
tic circuit? 


Answer: It has a marked influence on the 
flux density in the various portions of the 
magnetic circuit. 


Question: Is there a preferred location 
for magnets? 


Answer: Yes, it is important to place the 
magnets as close to the air gap as possible. 


Question: What is the benefit of their 
location? 


Answer: The leakage flux is reduced, and 
the useful flux in the air gap is increased. 


Question: How is this an important fac- 
tor in design? 


Answer: It minimizes the amount of mag- 
net material required to produce a given 
flux in the air gap. 


Question: Does this mean lower magnet 
costs? 


THE INDIANA STEEL PRODUCTS COMPANY 


VALPARAISO, INDIANA 


THE WORLD’S LARGEST MANUFACTURER 


OF PERMANENT MAGNETS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


In Canada... The Indiana Steel Products Company of Canada, Limited, Kitchener, Ontario 


Answer: Generally, this is true. However, 
structural considerations may prevent the 
placement of permanent magnets at pre- 
ferred positions. 


Question: Are there available quantita- 
tive data which indicate the degree to 
which magnet position influences the effi- 
ciency of a circuit? 


Answer: A brief experiment was con- 
ducted on the nature and magnitude of 
the changes that occur when magnets are 
placed in various positions in a simple 
magnetic circuit. The results are discussed 
in Applied Magnetics, Vol. 3, No. 5. 





World’s largest permanent magnet 
separates electron particles 


The largest and most powerful permanent 
magnet ever designed is an important part 
of a new Mass Spectrometer to be used 
for high molecular weight hydrocarbon 





Indiana's C. A. Maynard inspects air gap of 
giant Alnico V magnet assembly 


analysis at the Whiting, Indiana, research 
and development laboratories of a large 
Midwestern oil company. Function of the 
spectrometer is to establish a strong mag- 
netic field that separates electron particles. 

The Alnico V permanent magnet used in 
the assembly has a maximum field strength 
of 6,000 gauss . . . equal to 10 tons of 
magnetic holding force . . . and weighs 
1,800 pounds. The complete assembly, 
which weighs approximately 4,700 pounds, 
was designed and fabricated by The 
Indiana Steel Products Company, 
Valparaiso, Indiana. 
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Crucible purchased a 50 per cent in- 
terest, has operated as a jointly owned 


~ ry company. Plant facilities are at Syra- 
Dk PENDABILIT y cuse, N. Y. 


Completion of the second 40,000 sq 
ft section of its plant in Pasadena’s 
Hastings Ranch Area has been an- 
nounced by the ElectroData Division of 
Burroughs Corp. Cost of the structure, 
which will provide expanded facilities 
for engineering, manufacturing and 
sales,, is approximately $500,000. Pres- 
ent production rates of the company, 
now a manufacturer of digital compu- 
ters and related equipment, have in- 
creased to $10.000,000 annually—ten 
times the $1,000,000 in sales chalked 
up by the company when it was formed 
in 1954. 


and alloys, Vacuum Metals Corp. was 
originally organized by National Re- 
search i Qe 4 since 54, whe 
pees Wee earch in 1946 and since 1954, when 





Expansion plans announced by The 
| Trane Co., La Crosse, Wisc., include a 
| doubling of present research and test- 
| ing facilities and the construction of 
two new manufacturing plants, one to 
| produce brazed aluminum special heat 
transfer units and the other to manu- 
It Pays To facture low horsepower air conditioning 
compressors. The projects bring to 


R fb / } 7 GI $13,000,000 the company’s building and 
O nN expansion program for 1956-1957. 








Fractional H. P. Motors Minneapolis-Honeywell Regulator Co. 

MODEL B 1/40 H.P. to 1/1100 H. P. has purchased Davies Laboratories, Inc., 
4-pole, 4-coil shaded | Beltsville, Md., manufacturer of spe- 
—_ ae For sure, dependable power when it's cialized high-speed data recording sys- 


tems. The Davies electronic systems use 


needed most, General Industries fractional hp. : 7 
| magnetic tape and are designed for 





motors are unbeatable! First choice of leading | high-speed acquisition, reproduction 
ci ‘ analysis of engineering and scien- 
original equipment manufacturers, Gl 1/40 and — os 
° _— P / tific data. The activities of the new ac- 
HP to 1/1100 HP motors are your best bet for | quisition will be integrated with those 
+ as «ge : Honeywell’s Industrial Division at 
every standard application. For specific appli- of . , 
MODEL A Philadelphia. 
2-pole, shaded pole 


cation fr i i i 
oe s, as a free service, our design engineers 


will work with you to help solve your fractional The new Cambridge Division of Air- 
tron, Inc., specializing in the develop- 
ment of ferrite components, is now in 
full-scale operation with facilities lo- 
cated at 317 Vassar St., Cambridge. 
Write for complete specifications and | Mass. Included in the new center are 
complete research, design, development 
and production facilities to meet the 
a i cated ed ee growing need for a wide variety of high 
performance and newer type microwave 
ferrite components. 


hp. problem. For any fractional hp. requirement, 
you'll always be right when you...specify Gl! 





MODEL C 


2-pole, shaded pole 
AC Induction Type 


quantity-price quotations today ! 









International Telephone and Telegraph 

Corp. has purchased the assets of Roy- 

— | al Electric Co., Inc., Pawtucket and 

MODEL E MODEL D ; ogee 7 MODEL F Woonsocket, R. L., and its subsidiary 

4-pole, shaded pole 4-pole, 4-coil shaded Sarees oop ae 2-pole, shaded pole | Electric Cords and Supply Co., Inc., Los 

AC Induction Type pole ~ Induction only (for 6, 12, oF AC Induction Type Angeles, Calif. Royal Electric, founded 
ype 24 volts) 


in 1929, has been engaged in the manu- 


| facture of insulated wire and cable. cord 

(PLUS mea Sanaaisien cinaeps, seh foros. TAT 
; has formed a new subsidiary, Royal 

| Electric Corp.. which will carry on 


DEPARTMENT GL « ELYRIA, OHIO 
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These MODERN Recirculating Ball Units can help you... 


SOLVE ACTUATION and TORQUE PROBLEMS 





Saginaw b/b Screws guaranteed 90% efficient 
— offer 6 major advantages for designers 


Saginaw b/b Splines average 40 times lower 
friction coefficient than sliding splines 





Available in custom machined and commercial 
rolled thread types —have been built from 1/2 
inches to 391 feet long— % to 10 inches diameter. 





Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


VITAL POWER SAVINGS. With 

guaranteed efficiency of 90%, Sag- 
inaw b/b Screws are up to 5 times as 
efficient os Acme screws, require only 4 
as much torque. This permits much smaller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 
2 SPACE/WEIGHT REDUCTION. Sag- 

inaw b/b Screws permit use of smaller 
motors and gear boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves are smaller and lighter. Units 


have been engineered from 1% in. to 
392 ft. in length. 


PRECISE POSITIONING. Machine- 

ground Saginaw b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics because a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel. 





At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 


balls recirculate. 

4 TEMPERATURE TOLERANCE. Nor- 

mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
are practical where hydraulic fluids have 
lost efficiency or reached their flash point. 


LUBRICATION LATITUDE. Even if 

lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginaw b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units have been de- 
signed, built and qualified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable than hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vantages over other makes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against operating failure. 





SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 


WORLD'S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 


READER INQUIRY SERVICE CARDS, 


PRECEDING 


BACK COVER 


Transmit or restrain high torque loads far more 
efficiently—have been built from 3 inches to 10 
feet long—% inch to 6 inches in diameter. 





The Saginaw b/b Spline radically in- 
creases the efficiency of transmitting 
or restraining high torque loads. In- 
stead of sliding against each other, 
surfaces glide on rolling balls. 


The steel balls recirculate in closed 
circuits formed by mating longitudinal 
raceways spaced around the circum- 
ference of inner and outer splines. 
Guides return balls. 


This revolutionary new kind of spline utilizes the same basic 
principle pioneered by Saginaw in the bcll/bearing screw. 

It permits new engineering designs never before practical— 
literally lets you achieve the “impossible’’! In any application 
where column length must change under torque load, the 
Saginaw b/b Spline offers greatly decreased friction, less 
wear, longer life, more dependable operation. It can be 
fitted with integral gears, clutch dogs, bearing and sprocket 
seats or a wide choice of other attachments for use with 
electric, hydraulic or pneumatic units. To convert push-pull to 
rotary motion, helical types are available with very high leads, 
ranging from 20:1 to 100:1. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 





Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 4M, Saginaw, Michigan 


Please send new engineering data book on Saginaw b/b Screws and 
Splines to: 


NAME 
COMPANY TITLE 
ADDRESS 


CITY ZONE STATE 








aes t J) core 


SOLDER 


mn 


: 


Kester FLux-Core Souper is the time-proved solution 
to every soldering requirement. The exact tin-lead 
alloy, tailored-to-the-job flux content, quality ingre- 
dients and manufacture ... all these add up to a “letter 
perfect” product... in the letters “Kester SoLpER.” 


WRITE TODAY for the KESTER 78 
page textbook “Solder .. . 

Its Fundamentals and 

Usage.” Free! 


KESTER SOLDER 


4209 Wrightwood Avenue e Chicago 39, Illinois 


Newark 5S, New Jersey e Brantford, Canada 
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these operations. This latest addition 
to the IT&T system will increase its 
non-military sales in the U. S. and also 
the ratio of components to apparatus, 
both of which are among the Corpora- 
tion’s long-range objectives in its con- 
tinuing program of domestic expansion. 


Area Electric Corp. has completed an 
expansion move that added 40 per cent 
to its manufacturing facilities. Al- 
though this is the firm’s fourth expan- 
sion in 18 years, this move represented 
the first addition to the company’s fac- 
tory at 9901 Pacific Ave., Franklin 
Park, Ill. The firm manufactures elec- 
tric heating elements for vending ma- 
chines, aircraft components and elec- 
tric hot water heaters. 


General Electric will establish its 
Computer Department headquarters in 
Phoenix, Ariz. Temporary headquarters 
for the Computer Department have 
been in Syracuse. The move to Phoenix 
will not affect the Syracuse operation, 
since no large-scale production of com- 
puters has been underway there. The 
new Phoenix computer operation is in- 
tended to develop a line of computers 
designed for business and industrial use. 


General Electric’s Atomic Power Equip- 
ment Department, which centralizes all 
company efforts in design, development. 
manufacturing and marketing of peace- 
time atomic equipment, has completed 
its move to San Jose, Calif., from 
Schenectady, N.Y. Department head- 
quarters are now established at a newly 
constructed building at 2151 South 
First St. Construction of the company’s 
Vallecitos Atomic Laboratory, a depart- 
ment component, is proceeding at near- 
by Pleasanton, Calif. 


Construction of a new research and 
development laboratory for Speer Car- 
bon Co. is underway in Niagara Falls, 
N. Y. where ground has been officially 
broken for a new 23,000 sq. ft research 
facility scheduled for completion in the 
fall of 1957. The company expects to 
concentrate research activities of all 
its divisions in this new laboratory, with 
the intent to double practically the 
present scope of its research operations. 


Newly formed Hydair Cylinder Corp., 
5755 S. Pennsylvania Ave., Cudahy 7, 
Wis. plans to produce air cylinders 
with 114 to 20 in. bores and hydraulic 
cylinders with 114 to 12 in. bores spe- 
cially designed for heavy-duty service. 
In addition to air and _ hydraulic 
cylinders, the company line will consist 
of low-pressure hydraulic cylinders and 
related products. 


AMP Inc. has been announced as the 
new official designation of Aircraft- 
Marine Products, Harrisburg, Pa. Wide- 
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for 


HEARING 


AIDS 


or 


RECORDING 


HEADS 








302 STAINLESS CASE 


WIRE RECORDER mE 












90" 





or ANY MAGNETIC MATERIALS JOB... 


“MAGNETIC, 
MATERIALS” 


This 32-page book contains valuable 


data on all Allegheny Ludlum mag- 
netic materials, silicon steels and spe- 
cial electrical alloys. Illustrated in full 
color, includes essential information 
on properties, characteristics, applica- 
tinns, etc. Your copy gladly sent free. 


ADDRESS DEPT. EM-85 





You can re/y on core materials like 
the Allegheny 4750 components illus- 
trated above, in your receivers, record- 
ing heads or microphone assemblies. 

In fact, whether your equipment is 
small or large, the extra-broad line 
of A-L magnetic materials will solve 
your magnetic core problems. It in- 
cludes all grades of silicon steel sheets 
or coil strip, as well as Allegheny 
Silectron (grain-oriented silicon steel), 
and a wide selection of high-permea- 


STEELMAKERS to the Electrical Industry @ s 


bility alloys such as 4750, Mumetal, 
Permendur, etc. 

Our service on these materials also 
includes complete facilities for the 
fabrication and heat treatment of 
laminations. (For users of electrical 
sheets and strip, our lamination 
know-how is a real bonus value!) 
Either way, we'll welcome the 
chance to serve you. Allegheny Ludlum 
Steel Corporation, Oliver Building, 
Pittsburgh 22, Pa. 





Allegheny Ludlum 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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Give your product the 
EXTRA dependability of 
——_— == POLARIZED and 


GROUNDING 
= WIRING DEVICES 





MODERN DESIGN FEATURES... 


® Compact, square bodies — small size leaves ample wir- 
ing room in box. 


® Designed for side or back wiring. 
Handy strip gauge on back of receptacle. 


®@ Extra-sturdy plastic parts; extra-heavy metal parts — for 
the roughest use. 


You can't afford to compromise with quality. Each component must 
measure up to the standard you've set for the entire unit. That’s why so 
many electrical manufacturers insure the inherent quality of their products 
by specifying P&S — the finest line of modern wiring devices. 


Every P&S device offers not just superb craftsmanship and advanced 
design, but the dependability, durability and performance earned by over 
65 years of leadership in the wiring device industry. 

Whatever your needs in specification wiring devices, you're sure to 
get complete satisfaction . . . extra dependability from the complete 
quality line — P&S. 


FREE CA TALOGS! Write today for further information to Dept. EM-7 


PASS & SEYMOUR, INC. 
SYRACUSE 9, NEW YORK 
60 E. 42nd St., New York 17, N. Y. 1229 W. Washington Bivd., Chicago 7, III. 
In Canada; Renfrew Elec. & Refrig. Co., Ltd., Renfrew, Ontario 





MAKE THE COMPLETE JOB COMPLETELY P&S 







spread industrial acceptance of solder- 
less terminals in the post-war years 
have obsoleted the restricted corporate 
title in use since the company’s begin- 
ning necessitating an official new cor- 
porate name. The company has elected 
the name by which it has been familiar- 
ly known in industry for years and 
which has associated AMP and its prod- 
ucts with electrical termination require- 
ments for a wide range of products. 


Expanded service to manufacturers 
using custom extruded vinyl plastics 
parts has been announced by Resin In- 
dustries, a subsidiary of The Borden Co., 
Santa Barbara. Calif. Heading up the 
new service will be Victor J. Hauprich, 
who will bring to his new assignment 
years of experience in the field of 
design and extrusion of custom vinyl 
profiles and shapes. His previous com- 
pany affiliations include Yardley Plas- 
tics and General Electric. 


Acquisition of a substantial majority 
stock control in the Tobe Deutschmann 
Corp. of Norwood. Mass. has been an- 
nounced by the Cornell-Dubilier Elec- 
tric Corp., Plainfield. N. J. The new ac- 
quisition, organized in 1929, has been 
a major producer of power capacitors 
and a pioneer in the development and 
manufacture of electronic noise sup- 
pression devices. 


Emerson Electric Manufacturing Co., 
St. Louis, has taken an important step 
forward in its plan to double its an- 
nual sales volume with the completion 
of a new engineering building that will 
provide additional facilities for the en- 
gineering staff of the company’s Elec- 
tronics and Avionics Division. In the 
rearrangement of the company’s fast- 
growing research and development pro- 
gram, Edwin W. Logan has_ been 
appointed director of a newly created 
Department of Research that will be re- 
sponsible for activities leading to the 
development of new products, methods 
and materials. 


Formation of a new Nuclear Power 
Equipment Div. has been anounced by 
Kieley and Mueller, Inc., Middletown. 
N. Y., manufacturer of automatic con- 
trol valves, power and steam specialty 
equipment. The company recently was 
awarded a $750.000 contract for valves 
to be used in the nuclear powered pro- 
pulsion field, special high temperature, 
bellows-sealed control valves complete 
with self-contained control systems. 


Johns-Manville will expand its Dutch 
Brand Division plant in Chicago by ap- 
proximately 50 per cent in a project 
that will be completed in early 1958 and 
involve the construction of a new man- 
ufacturing building. installation of new 
machinery and equipment and modern- 
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FORMVAR... 
>») proved and preferred 


———— 
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. 
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Approximately 75% of all magnet wire used today is coated with 
Formvar-phenolic enamel. Wire enamellers, motor manufacturers and 
motor users rely on Formvar in their processes and on their products. 
Formvar has proved its value and has established a long record of 
dependability. 

Formvar is the registered trademark for polyvinyl formal resins pro- 
duced and sold only by Shawinigan Resins Corporation. When com- 
bined with a phenolic resin it becomes that tough, heat resistant wire 
enamel popularly known as “Formvar enamel” . . . the industry standard. 

Extension of this distinguished record is the purpose of Shawinigan’s 
exacting production controls and active research into variations of the 
basic formule. A recent example of progress in this area is the combi- 
nation of Formvar and isocyanates for low temperature solderability. 
Look to Shawinigan and Formvar for further progress. Shawinigan 


Resins Corporation, Department 5101, Springfield 1, Massachusetts. > ~ SS 


Gat ee 
sah 


fy 
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ization of existing buildings. When 
completed, the project will provide a 
total of 214,000 square feet of working 
area for the production of electrical 
tapes for insulation and mechanical pro- 
duction, among other products. 


NEW! 








A-P-S/M-R 
| miniature | 
Start Winding & Overload Relay 


Typical Applications: 


Lord Manufacturing Co., well-known 
for its engineered vibration control 
systems and as a producer of bonded 
rubber products announced in Erie, Pa. 
the establishment of a Special Products 
Div. for the research, manufacture and 
marketing of adhesives, chemicals and 
other polymers. The Division will con- 
tinue the intensive research and de- 
velopment program started by the par- 
ent company in these fields. As a part 
of the company’s long-range program, a 
| research grant at M.I.T. for study on 
the Fundamentals of Adhesion has been 
| in effect for several years. 


e Refrigeration Compressor 


@ Washing Machines 





e Dryers 


e Other machines using 


fractional hp motors 


William Brand and Co., Willimantic, 
Conn., has consolidated with The Elec- 
| tric Insulation Corp., Fall River, Mass. 

with the resultant company retaining 

the name of William Brand and Co., Inc. 

William Brand, which placed in opera- 

tion its North Windham plant only a 
| year ago, is now constructing a 33,000 
| 





Tripping time secs. 
& 





Positively prevents burn-out of the 
starting winding. Assures precise 
600 temperature control of the motor | 
windings. 


square foot addition to that plant. The 
Fall River Company occupies 70,000 
square feet of space and will supple- 
ment local operations. As a result of 
the merger, William Brand, former 
president, becomes chairman of the 
board and Alfred W. Brand, former 
vice president, becomes president. 





100 = 200 400 


Starting current in %s of full load current 


Fig. 1—A-P-S section speedily disconnects starting winding by 

use of unique, closely controlled combination bi-metal and 
heater. A-P-S is heat compensated, using a shunt circuit to | 
provide fast and reliable reset time. 


Potter and Brumfield, Inc. has com- 
pleted plans to expand production facil- 


a o.8 9c square 
FIC. 2—-M-R OVER. ities to more than 125,000 square feet. 





Time in secs 





Current in per cent of full lood current 


LOAD PROTECTOR 


The Princeton, Indiana company, a sub- 


gives positive tem- sidiary of American Machine and Foun- 
perature control of | dry Co., has completed construction of 
Se ee a 16,000 square foot building addition 
signed into bi-metal in Princeton and has leased another 


strip for ideal ON & 


OFF eveling periods. 


Installation may be made on motor casing or in remote control box. 


Available with plug-in or standard connectors. 


Circuit features and designs are protected in all industrial countries 


by patents and patents applied for. 


Ig “1 ofA 


OF AMERICA 


PRODUCTS COMPANY 


5085 North Elston Avenue, Chicago 30, Illinois 


Phone: Kildare 5-1554 
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with a total of 15,000 square feet in 
Franklin, Ky. Four acres of land ad- 
jacent to the main Indiana plant have 
also been purchased for the construc- 
tion of additional plant facilities as 
needed. 


Robertshaw-Fulton Controls Co. has 
established a national organization to 
provide field service for appliance man- 
ufacturers using the company’s control 
devices. The new service organization 
will set up independent control recon- 
ditioning facilities in key market loca- 
tions throughout the nation that will 
be operated by independent firms, but 
which will be staffed with factory- 
trained personnel and use factory parts 
exclusively. This national service or- 
ganization will work closely in coop- 
eration with manufacturers of cooking 
and heating appliances. 
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7-inch Waldes Truare retaining rings cut costs, 
speed assembly-disassembly of 2-high/4-high mill _ 


New Model TA-625 2-high/4-high combination 
rolling mill designed by Stanat Manufacturing 
Co., Long Island City, N. Y., reduces 22” ingot 
to precision-rolled strip as thin as .001”. 

Waldes Truarc retaining rings help make 
possible a complete change of work rolls in 
20 minutes...solve difficult problems of accu- 
racy control by achieving positive location of 
bearings to extremely close tolerances. Rings 
eliminate costly parts and machining, save 
space, reduce maintenance. 


In the assembly illustrated above, 7’ Waldes Truare (Series 

5000) retaining rings—three on each roller—are used to posi- 

tion heavy-duty needle bearings in the bearing housing. Assembly is simple, even with giant 7” diameter Truarc ring. 
Smaller rings position bearings in other roller assemblies and Special Truarc ratchet pliers grasp the ring securely, ease it 
retain the shaft of a dual handwheel screwdown. All in all, into the groove, snap it securely into position. Smaller pliers 
18 Waldes Truarc rings are used in the mill. They replace and various high-speed assembly jigs are available for other 


machined shoulders, spacers and lock nuts...eliminate costly rings, permit assembly-disassembly to be performed rapidly 
threading, other machining operations. even by unskilled labor. 





Whatever you make, there’s a Waldes Truarc Retaining ent sizes within a type... 5 metal specifications and 14 different 
Ring designed to improve your product... to save you material, finishes. Truare rings are available from 90 stocking points 
machining and labor costs. Quick and easy to assemble and throughout the U.S.A. and Canada. 

disassemble, they do a better job of holding parts together. 
Truarc rings are precision-engineered and precision-made, qual- 
ity controlled from raw material to finished ring. 


36 functionally different types...as many as 97 differ- 


More than 30 engineering-minded factory representatives 
and 700 field men are available to you on call. Send us your 
blueprints today...let our Truarc engineers help you solve de- 
sign, assembly and production problems... without obligation. 


For precision internal grooving and undercutting...Waldes Truarc Grooving Tool! 


WALDES ilies a 


Waldes Kohinoor, Inc., 47-16 Austel Place, L.1.C. 1, N.Y. 


® | Please send the new supplement No. 1 which 
| brings Truarc Catalog RR 9-52 up to date. | 
| (Please print) | 
| Name sis dy lissceincrie asp depute tee ieee cae | 
® | 1 ... scoala oat ooops | 
Company... scrnrsipeencscntctigdanta Maas | 
| | 
| | 
| 


RETAINING RINGS Business Address 


©1008 Weebdes tats Oh IE Pe oy... Zone... HOR a | 
Cc aides Kohinoor, Inc., 47- uste ace, L.1,.C.1,N.1,. 
Di ci i einen ins eens iin ceareieas wisn aD 


WALDES TRUARC Retaining Rings, Grooving Tools, Pliers, Applicators and Dispensers are protected by one or more of the following U.S. Patents: 2,382,948; 2,411,426; 
2,411,761; 2,416,852; 2,420,921; 2,428,341; 2,439,785; 2,441,846; 2,455,165; 2,483,379; 2,483,380; 2,483,383; 2,487,802; 2,487,803; 2,491,306; 2,491,310; 2,509,081; 
2,544,631; 2,546,616; 2,547,263; 2,558,704; 2,574,034; 2,577,319; 2,595,787, and other U. S. Patents pending. Equal patent protection established in foreign countries, 
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HOLTZER 
-CABOT 


D-C Miniature 


Servo-Motor 





Holtzer-Cabot’s Type 0810 
has been used widely in gun fire 
control, radar navigation and radio tuning. 
Versatile and efficient, it features immediate 
response to minimum input signal. The ar- 
mature is designed for continuous excitation 
from a 24 to 29 volt D.C. source through 
a 28 ohm series resistor. The field has two 
10,000 ohm sections: one for CW and the 
other for CCW rotation. Full rated motor 
output is obtained by 6 ma. differential. 


SPECIFICATIONS: Rating 0.3 oz. in., 
6500 R.P.M., .002 H.P.; Diameter: 158"; 
Field Current 6.0 Milliamps: Armature Cur- 
rent 0.4 amp; Duty Cycle: 4 reversals per 
minute; Altitude: 50,000 feet; Amb. Tem- 
perature: —65°C. to +72°C. Designed to 
meet MIL specs. 


HOLTZER-CABOT MOTOR DIVISION 
WATIONAL PNEUMATIC CO., INC. 
125 Amory Street, Boston 19, Mass. 


GENTLEMEN: () Please send me data sheets on 
the Holtzer-Cabot Type RBDS-0810 servo-motor. 


©) Please have representative call 








(date) 
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Abstract and Comment 





Lower Echelon Technical Personnel 
Shortage Discussed at Regional Workshop 


More THAN 250 REGIONAL REPRESENTA- 
TIVES from industry, education, and 
government recently met at an all-day 
session to discuss and reach realistic 
conclusions toward alleviating one of 
the nations most yet least 
discussed manpower shortages — the 
lack of qualified design and drafting 
personnel. The delegates made concrete 
suggestions for solving the problem at 
the Design and Drafting Workshop 
sponsored by the Design and Drafting 
Council of the Delaware Valley on 
Nov. 17, 1956, in the Burroughs Re- 
search Center, Paoli, Pa. 

The Council came into being in a 
very informal manner last summer at 
a meeting of several representative 
executives. When the conversation 
turned toward “shop talk”, it evolved 
that there was one problem in com- 
mon—the lack of necessary engineer- 
ing support people. The discussion 
of the problem gradually grew into 
the suggestion that perhaps something 
concrete could be accomplished by joint 
action on the part of industry, represen- 
tatives of education, technically con- 
cerned local Government agencies and 
civic associations. From this conversa- 
tion evolved the Design and Drafting 
Council as a step toward local soluton 
of a nationwide problem. 

The primary aims of the Council are: 
to point up the significance of the man- 
power shortage in the fields of design 
and drafting; to stimulate the concerted 
action of industrial, educational, and 
communal leaders in taking steps to 
offset the problem; to air in a positive, 
realistic manner current design and 
drafting personnel and technical prob- 
lems; and to make 
“cooperative-action” 
in several directions: 


serious, 


strong, positive 


recommendations 


1. Encouragement of youth to enter 
the design and drafting profes- 
sions. This would include aid to 
educators in the form of curricu- 
lum assistance. 


2. Increase and improvement of in- 
dustrial training for drafting su- 
pervisors and design and drafting 
personnel. 


3. Improvements relative to employ- 
ment practices in recruiting de- 
sign-drafting personnel. 


4. Clarification and ultimate uni- 
formity of classification and quali- 
fication requirement factors for 
such personnel. 

Ernest R. Chappell, special assistant 
to Secretary of Labor Mitchell, in his 
keynote address to the Workshop dele- 
gates, said that “only through advances 
in our educational systems and our 
training programs—on the job, in our 
schools, and in our skill-development 
techniques—can we effectively meet the 
threat of our technical manpower short- 
age as it exists today, and as we antici- 
pate it will exist in the future.” 

Mr. Chappell described the national 
objectives of a Department of Labor 
program aimed at the development of 
skills for creation of an effective work- 
force, which at present is greatly lack- 
ing in adequate numbers of qualified 
engineering support personnel. This 
program is in essence: (1) informing 
the nation about the need for trained 
people; (2) helping people select, pre- 
pare for, and obtain the right jobs; and 
(3) the promotion of more adequate 
training programs throughout the econ- 
omy. He also stressed the fact that there 
is an important new dimension in to- 
day’s technical manpower problem 
“quality.” 

While the need for engineers has 
been widely publicized, little attention 
has been focused on the diminishing 
supply of “second echelon” personnel. 
This group is composed of the drafts- 
men, designers and technicians urgently 
needed to fill the support jobs currently 
done by engineers. The meteoric speed 
at which our technology is expanding 
has created an indisputable demand for 
release of engineers for engineering. 
The seriousness of the problem was set 
forth by Dr. R. L. Johnson, president 
of Temple University and honorary 
chairman of the Council, who said that 
unless the current and projected short- 
age of skilled designers and draftsmen 
is alleviated, the present inefficient 
utilization of our scientific manpower 
will grow. 

Thomas W. Hooper, executive vice- 
president of Day & Zimmerman, Inc., 
told the delegates that it has been esti- 
mated in an industrial center such as 
Philadelphia, that “the cost of adver- 
tising for draftsmen and designers has 
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if costs you nothing fo prove 


CLEARPRINT > @ 


IS AMERICA’S FINEST 
TECHNICAL PAPER 


Ask for sample sheets to make the 
famous Clearprint test. With this 
convincing two-minute trial you 
will see for yourself why leading 
engineers, architects and designers 
from coast-to-coast insist upon 
Clearprint for their original draw- 
ings and permanent records. 


Make this famous CLEARPRINT TEST 
1. INVITES PENCIL AND PEN — Try Clear- 


print’s perfect working surface with 
a 2H pencil, then with a ruling pen. 
Lines are sharp and clean — no 
feathery edges. 

- NO GHOSTING — Erase some of the 
lines. Redraw and erase several of 
them repeatedly. Crease the paper, 
too. Then hold it to the light, or make 
a reproduction. Seeing is believing! 
NEVER CHANGES — Sheets in use since 
1932 prove Clearprint’s remarkable 
stability. Its strength, transparency 
and printing qualities remain un- 
changed after extended exposure to 
age, atmosphere, heat and fight. 


Make this test, too, on the paper 
you are now using. The difference 
will convince you! 


Sea 


Ask your dealer for samples, or send coupon 





Clearprint Paper is WATERMARKED for your protection. 
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THERE’S A CLEARPRINT PAPER FOR EVERY JOB 


Tracing Paper + “Papercloth” 
Clearprint Charts 
Federal Aid Sheets + “Fade-Out” Grid Paper 


IN SHEETS, PADS and ROLLS 





LEARPRINT 








TECHNICAL PAPER 


THERE IS NO SUBSTITUTE —- Demand Watermarked Clearprint 
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le 


CLEARPRINT PAPER CO. mm 
1482 - 67th St., Emeryville, Calif. 


O Please send me Clearprint Paper samples, 


with prices, for the following uses: 





(1 Have your representative call at my office 
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HOW SORENG “TT’’* 
STOCK SOLENOIDS 


Can Meet Your Design 
Requirements Economically 


~ *Doubie T 
Plunger 


Our Stock Solenoid Line consists of four models offering 12 sets 
of electrical characteristics. These stock solenoids can be used 
in more than 90% of all solenoid applications. 


There are no minimum order requirements, yet you enjoy a very 
favorable price over short run orders plus all of the Soreng custom 
design features. Get fullinformation by writing for BulletinCF-124. 


SORENG SOLENOID FEATURES 


More pull at point needed 
No power drop-off 


Uniform electro-magnetic 
characteristics over longer period 


Long operating life 
Extremely quiet 
High sealing pull 


Bulletin CF-124 


Drowing 

Power Curves 
ifasliliae) 
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CONTROLS COMPANY OF AMERICA 


RISING ) Division 


9551 SORENG AVENUE @ SCHILLER PARK, ILLINOIS 


controls XK that make modern living possible 
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amounted to almost $25,000 per week.” 
Week after week, this tremendous sum 
is spent in a great effort to find draft- 
ing talent, mostly in enticing experi- 
enced personnel into the fold of indivi- 
dual organizations. Time has proven 
that this apparently is not the answer, 
or an effective approach to solution of 
the over-all problem. 

The workshop delegates attended four 
panel discussions dealing with: Educa- 
tion encouragement and curriculum 
assistance; industry training needs and 
practice; industrial recruitment prac- 
tice; and uniform position titles and 
classifications. 

Specfic subjects covered included 


| such considerations as _ pre-industry 


training in the schools, the place of 
training in the design and drafting 
fields, specialized training for upgrad- 


ing, the means by which training pro- 


grams can be sold to management, 
training for drafting supervisors, and 
specialized training for work peculiar 
to operations. The delegates also con- 
sidered such points as the use of out- 
side agencies as sources of manpower, 
the benefits of contract engineering 


| services, techniques of recruiting tech- 


nical and subprofessional personnel, 
and the personnel department’s role in 


| classification uniformity. 


The Workshop pointedly showed 
management that all the fields of en- 
gineering—electrical, mechanical, aero- 
nautical, etc—share a common problem, 


| burden, and obligation. It further pro- 


vided an opportunity for industry to 


| voice opinions and recommendations 


aimed at alleviating the engineering 
support personnel shortage. 


Drafting-Industry Committee Set Up 


Among the many  positive-action 
recommendations advocated were the 
establishment of a  drafting-industry 
committee to further explore the second 
echelon shortage, and the possible em- 
ployment of a full-time coordinator to 
carry out its recommendations. This 
committee could also serve as a clear- 
ing house for publicizing new ideas, 
and a means by which problems could 
be solved through group approach. 
Through this means, for example, in- 
terest in the design and drafting fields 
could be enlivened by encouraging in- 


| dustrial visitations by both faculty and 
| students. 


In recognition of the fact that the 
development foundation for skilled 
workers must be in the high schools, it 
was recommended that the courses of 
instruction be concentrated on_ basic 
drawing mechanics and techniques; a 
good command of basic mathematics; a 
general knowledge of materials; and 
particular emphasis on accuracy. It was 
further recommended that a joint com- 
mittee of industrial and government 
personnel be formed to consult with 
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and only USG brushes 
have STATITE permanent 
shunt connections 






If you are having trouble with shunts jarring tion, Statite shunt connections retain their original 
loose or being pulled out, we suggest you try USG low millivolt shunt drop, cannot oxidize, and are 


Brushes with Statite. Statite isa permanent shunt —_ unaffected by temperature extremes. USG Brushes 
connection needing no hammerclips. It can’t be are manufactured in a variety of types and sizes 


jarred out even under severe operating conditions, _ for all applications from fractional horsepower to 
and will assure your electric motors of steady diesel generator. Grades available include carbon 
maintenance-free performance. Statite eliminates and carbon-graphite, electrographitic, graphite, 
the need for riveted shunt connections. In addi- metal graphite, and silver graphite. 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION * SAGINAW, MICHIGAN 


THE UNITED STATES GRAPHITE COMPANY 
SAGINAW, MICHIGAN 


NAME 





TITLE 





COMPANY 
ADDRESS. 
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Miller Phosphor Bronze is consistently 


chosen for the tough jobs—in this in- 
stance a switch part that must withstand 
an estimated 750,000 “on and offs” with- 


out fatigue or fracture. 


Miller specializes in the tailor-made 
production of phosphor bronze alloys— 
in strip, coiled and flat lengths—best 
fitted to your needs. At Miller, Phosphor 


Bronze is the main line, not a sideline. 





ROLLING MILL DIVISION 


educators on such curricula. It was also 
pointed out that the most effective 
recognition of the effectiveness of such 
a program would be the hiring of the 
students. To accomplish this goal in- 
dustry must modify its emphasis on 
seeking only experienced personnel. 

It was also suggested that over-age 
personnel with experience in the fields 
of design and drafting be encouraged 
to re-enter the drafting room, or utilize 
their specialized “board” experience in 
teaching. It was felt that this could be 
accomplished by alerting the “40 Plus 
Clubs” and engineering societies to the 
urgency of the situation and making 
them aware of the opporunities avail- 
able. 

Need for increased income for tech- 
nical and drafting teachers, as a means 
toward maintaining a supply of qualified 
instructors, was recognized. It was the 
general feeling that some subsidization 
may have to be borne by industry. Sum- 
mer employment of teachers on the 
drawing boards of the participating 
companies’ drafting departments was 
suggested as a realistic answer to the 
problem. 

It was further recommended that 
training courses, possibly in the form 
of apprenticeship programs, should be 
initiated on an_ industry-wide level. 
rather than on an individual firm basis. 


Cooperation Needed on All Levels 


The consensus among the delegates 
to the Workshop was that the current 
shortages in the basic technical fields 
will ultimately result in acute shortage 
growth in the more complex, and higher 
level technical fields. It was also con- 
cluded that the future manpower po- 
tential for local technical industry could 
be provided only through the coopera- 
tion of industry, government, education. 
and the community. 

Included among the speakers at the 
Workshop were the following industry 
representatives: R. V. D. Campbell. 
deputy director, Burroughs Research 
Center; R. A. Lampman, manager, De- 
sign Services Department, Burroughs 
Research Center; C. L. Grahn, chief, 
Aircraft-Ship Division, Naval Air Ma- 
teriel Center; K. G. Seipp, chief drafts- 
man, Government and Industral Divi- 
sion, Phileo Corp.; W. Callaghan. 
personnel manager, Minneapolis-Honey- 
well, Brown Instrument Division; G. 
Keller, specialist—salaried employment, 
General Electric Co.; A. Waltrich, per- 
sonnel director, Machine and _ Tool 
Designing Co.; J. M. Vinicombe, Jr.. 
employment manager, RCA Defense 
Electronics Products; R. Willi, chief 
engineer, Industrial Products, Baldwin- 
Lima-Hamilton Corp.; and S. Cantwell, 
wage and salary administration, Minne- 
apolis-Honeywell. Oo0°0 


The reader is also referred to the Editorial on 
page 53. 
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© Ceramics 
illustrated 
approximately 
actual size. 


SWS Do you know... 


that ceramics can be supplied, in 


PRECISION  trrtericetas sna 
CERAMICS 


produced to 
precision tolerances 


New equipment and techniques are constantly added 





ce 


Pistons and cylinders with maximum 
clearance of as little as .0015”. 


B. With faces parallel within .0005”. 


C. In flatnesses within light bands. 


to improve precision. Few people—few engineers— D. In thicknesses from .007” up. 
are aware of the close tolerances which are now 
possible. There are 3 main reasons for this progress: E. In tubular form as small as 
015” OD, .008” ID. 
COMPOSITIONS. Widest range in the industry. Some 
AlSiMag materials are hard as sapphire — more wear hi 
resistant than tool steel — and are non-magnetic and E 
chemically inert. New Alumina “super ceramics” perform as 2-56 thread. 
unbelievable feats of strength, thermal and mechanical " 
shock resistance plus excellent electrical characteristics at G. With drilled holes as small as .010”. 


ultra high frequencies and temperatures. Improved char- 
acteristics promote ruggedization, permit miniaturization. 


CONTROLS. In preparation of raw materials, designing e 
and building dies, calculating shrinkages . . . at every - 
manufacturing step — forming, firing, inspecting. Over 55 
years of experience — where precision in ceramics was 
pioneered! 


FINISHING. Equipment plus skill. Every machine for pre- 
cision finalizing. Thoroughly trained personnel who con- 
sider difficult specifications a personal challenge. 


Tell us about your com- 
ponent problems. AlSi- 
Mag Precision Ceramics 
may do a better job for 
you. Send us a blueprint 
or sketch with an ovtline 
of the operating proced- 
ure for complete details. 
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For service, contact Minnesota Mining & Manufacturing Co. Offices in these cities (see your local telephone directory): Atlanta, Ga. * Boston: Newton 

Center, Mass. * Buffalo, N. Y. * Chicago, Ill. * Cincinnati, O. * Cleveland, O. * Dallas, Texas * Detroit, Mich. * High Point, N. C. * Los Angeles, 

Calif. * New York: Ridgefield, N. J. * Philadelphia, Pa. * Pittsburgh, Pa. * St. Louis, Mo. * St. Paul, Minn. * So. San Francisco, Calif. * Seattle, Wash. 

Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ont. All other export: Minnesota Mining & Manufacturing Co., 
International Division, 99 Park Ave., New York, N. Y. 


































Sherman 


One Piece 


TERMINAL LUGS 
AN 659 


SPECIFICATIONS 


Sherman Terminal lugs to AN659 
Specifications for No. 8 to 4/0 
Cable sizes are now being manu- 
factured for prompt delivery. 
Constructed from higher grade 
electrolytic copper, electro tin- 
ned, marked with wire size and 
“Sherman” Trade Mark. 





COMPARE THESE FEATURES 


One-Piece Construction 
100% Plus Conductivity 
Sight Hole for inspection 


Uniform Barrel Thickness 


Beveled Mouth for ease of cable entry 


Terminals fit all standard Terminal 
Blocks 


Crimping Tool locator spot on barrel 


Angle, Two-Hole, 
ypes as Needed 


Center-formed, 


Stamped Trade Name—Wire Size and 
AN659 Dash Number 


CABLE SIZES 8 through 4/0 
WRITE TODAY FOR BULLETIN NO. 3 


H. B. SHERMAN 


MANUFACTURING CO. 
BATTLE CREEK, MICHIGAN 


for 


Ceramic 





“e2, 


PP! 


PORCELAIN — Solidly pressed, 
highly uniform pieces answer the 
need for many parts in low voltage 
usage . . . furnished with a very 
white finish, or glazed in various 
colors. 


STEATITE — Especially suited to an 
application where low loss or great 
strength is required. 


REFRACTORY — Component parts 
that give excellent service under 
great temperature variations. 
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FILTER BODIES — Designed to 


meet the most exacting requirements 
in control of liquids. 


Se 

ENGINEERING HELP—Our ceramic engineers 
will work with you in selecting or de- 
signing the part best suited to your 
application. Tell us your requirements. 





Serving the Electrical and Electronic 
Industries since 1919. 
WISCONSIN PORCELAIN CO. 
115 Market St. 

Sun Prairie, Wisconsin 








Envisions Billion Dollar 
Market for Machine Tools 


THE RESPONSIBILITY of “providing con- 
stantly increased productivity for great 
new growth in all American industries 
can only mean an even higher degree 
of dynamic progress” for the U. 5. 
machine tool industry, Louis Polk, pres- 
ident of the National Machine Tool 
Builders’ Association, told the group’s 
54th annual meeting in Chicago in 
November. 

As evidence that the machine tool in- 
dustry is the “mainspring” of the coun- 
try’s industrial growth, Polk empha- 
sized that the output of machine tool 
builders has been growing twice as fast 
as the record climb in the nation’s gross 
national product in the past five years. 
U. S. machine tool builders have tripled 
their annual volume of shipments since 
1950—from $305,000,000 to approxi- 
mately $860,000,000—while the nation’s 
total output of goods and services, or 
gross national product, has risen about 
114 times in the same five-year period, it 
was stressed by Polk, chairman and 
president of the Sheffield Corp., Dayton, 
Ohio. His company is a major producer 
of precision gaging and measurement 
devices and automatic quality control 
systems. 

Metal working industries served by 
the machine tool industry have doubled 
their physical volume of production in 
the past decade, Polk pointed out, and 
surveys show they will expand another 
full 20 per cent by 1960 and still an- 
other 20 per cent between 1960 and 
1965. 

“No matter how our country’s growth 
is projected—whether in terms of air- 
craft, new highways or TV sets and 
other consumer or durable goods,” he 
told the country’s machine tool pro- 
ducers, “these products will only be 
produced by and flow from machine 
tools. If their number and volume grow, 
machine tools grow, because it is basic 
that any real production progress must 
be primarily created and sustained by 
machine tools. 

The industry’s continued growth in 
annual peacetime production, he 
pointed out, “is evidence that, for the 
foreseeable future, approximately a bil- 
lion dollars a year on the average, both 
in shipments and new orders, can be a 
continuing probability for the machine 
tool industry.” 

He cited the “tremendous break- 
through of science past the barriers 
of yesterday” as a strong factor that will 
contribute to the industry’s future 
growth and expansion. 

“Harnessing the power of the atom 
isn’t something we talk about; it’s done. 
We don’t just draw pictures of elec- 
trons. We use them as if we owned 
them. We don’t just speculate about 
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Reliable Relays-AC* DC 
in Stock for quick shipment 


, Vine 
he yb bee 


La 


Cutaway view of AC Miniature Relay which includes a selenium 
rectifier of our own manufacture for highest reliability. Suitable 


for airborne circuits. 


When you need miniature relays of 
utmost reliability, come to Union 
Switch & Signal. Our relays with 
gold alloy contacts have established 
a record for dependability unsur- 
passed in the industry. 

And if you need relays in a hurry, 
you can get them. Any of the stand- 
ard UNION DC or AC miniature 
relays can be shipped from stock. 
These include: (1) Plug-in mount, 
(2) Single screw mount, (3) Center 
of gravity flange mount, (4) Double 
screw mount, (5) Top flange mount, 
(6) Clamp mount, (7) Bottom flange 


mount, (8) Flange mount. 


Contacts can be gold alloy, which are 
especially fitted for dry-circuitry 
use, or palladium for general use. 
Coil resistances up to 13,500 ohms. 


Vibration resistance up to 2000 cycles 
at 30 G’s and shock resistance in 
excess of 50 G’s. 


High life expectancy. Tested through 
1,000,000 operations. 

ALL UNION Miniature Relays 
meet or exceed the requirements of 
MIL-R-5757-C. Write for a copy of 
Bulletin 1010. 


GENERAL APPARATUS SALES 


dwt 


<9 _ UNION SwitcH & SIGNAL | 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY "= 


PITTSBURGH 18, PENNSYLVANIA 


the universe; we build an earth satellite 
to fly at 18,000 miles an hour. In ow 
industry we’re reaching for a tenth of 
a millionth of an inch as a new pre- 
cision standard and we’re constructively 
using millionths of an inch wherever it 
is required in precision machining and 
assembly. We have anticipated new re- 
quirements of precision and quality 
control. These are our industry’s con- 
tinuing responsibilities and we have 
the job of living up to them.” 

“Barring unexpected disaster or mis- 
management of our economic and _poli- 
tical life” the nation’s economy should 
achieve new patterns of growth and 
the machine tool industry must pace 
this growth on an accelerating pattern, 
the association president told the meet- 
ing. 

To achieve these future growth pat- 
terns, Polk stressed, the machine tool 
industry must be prepared to invest in 
new equipment and must not allow its 
capabilities for precision and output to 
deteriorate. OOO 


Automatic Exposure Control 
In Aircraft Camera 


DETAILS OF A NEW gun camera which 
automatically compensates for changes 
in light conditions have been revealed 
by the U.S. Air Force. Designated 
“KB-5.” the camera was designed and 
engineered by Fairchild Camera and 
Instrument Corporation of Syosset, 
N.Y., which also built the prototype 
models, now undergoing final flight test- 
ing by the USAF at Wright-Patterson 
Air Force Base. 

These motion picture cameras, in- 
stalled on supersonic jet fighter planes, 
can be used to record details of aerial 
combat. The importance of automatic 
exposure control can be understood 
when it is realized that the nose of 
such a plane, engaged in a “dog fight,” 
may be pointed at brilliant sunlight 
sky, and a few seconds later at a dense- 
ly shaded area of the earth, as it ma- 
neuvers into firing position. In former 
gun cameras, portions of the film were 
greatly overexposed while other sec- 
tions were underexposed. 

With the new system the actual il- 
lumination received through the pic 
ture taking lens can be compared 64 
times a second with the illumination 
from a reference lamp inside the cam- 
era. If there is a difference, the lens 
diaphragm is changed to match the 
light level of the reference lamp which 
insures proper film exposure. This is 
accomplished by a closed loop system, 
employing a transistor servo amplifier. 
The rate of response to a change in 
light is rapid. The system will drive 
six lens stops in 1.8 sec. 

Another of the features of the KB-5 
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7 Convenient Warehouses 
to Serve You... 
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Only Copper can give you so many valuable properties 
for performance, durability, and ease of working. Hussey 
Copper adds to these a new standard of uniformity that 
results from quality controlled production from mine to 
finished Copper. When Copper is the metal for your job— 
make it Hussey Copper. Seven convenient warehouses to 
serve you and mill service on larger requirements. To be 
sure .. . make it Hussey Copper and be sure! 


CcC.G.HUSSEVY & COMPANY 
(DIVISION OF COPPER RANGE COMPANY) 
ROLLING MILLS AND GENERAL OFFICES: PITTSBURGH 19, PA. 


PITTSBURGH (19) CINCINNATI (37) ST. LOUIS (1) 
2850 Second Ave. 1045 Meta Drive Central Terminal Bidg. 
CLEVELAND (3) CHICAGO (18) PHILADELPHIA (30) 
5318 St. Clair Ave. 3900 N. Elston Ave. 1632 Fairmount Ave. 
NEW YORK, LONG ISLAND CITY (6), 34-39 Thirty-first St. 
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How CHACE thermostatic 
‘bimetal actuates the 


GENERAL @& 
. CONTROLSS 


Fan and 


Limit 


Control. 


A Product of 
General Controls, 
Glendale, Cal. 
Burbank, Cal. 
Skokie, Hl. 


The General Controls L-34 Mercury Switch Controls are 
designed to provide warm air furnace temperature limit 
control and/or blower control. The unit described is a 
combination giving ON and OFF control of the gas burner 
valve and assurance that air into the room will always blow 
warm, eliminating the wintry blast associated with some 
forced air systems. The fine calibration and precise operation 
of this control depend on its reliable actuating element of 
Chace Thermostatic Bimetal. 


Here’s how it works: the mounting plate is bolted to the 
furnace so that the bimetal element (A) extends well into 
the plenum or duct; lengths of 5", 1115” and 18” are available 
so that the element is thoroughly exposed to the warm air 
stream. The helical thermostatic bimetal element is welded 
to the housing (B) at the exposed end and to the splined 
shaft (C) at the free end. The shaft is linked to two mercury 
tube switches, one for the blower motor and one for the fuel 
control valve. As the shaft rotates it tilts the tubes so that 
contact is made or broken as the heat in the plenum de- 
creases or increases, thus the temperature in the duct must 
reach a predetermined point before the fan motor starts. 
Provision is made for separate adjustments of fan and 
gas valve. 


Remember Chace when you design for temperature actuation 
or indication, or for protection of valuable equipment. 
Dependable Chace Thermostatic Bimetal is available in 28 
types, in strip, coil or completely fabricated and assembled 
elements made to your specification. Write for new 44-page 
booklet, “Successful Applications of Chace Thermostatic 
Bimetal,”” containing interesting uses of bimetal and many 
pages of engineering data. 


W. M. CHACE CO. 
Theunostalic Bimelal 


1608 BEARD AVE., DETROIT 9, MIC 


is its extremely light weight. The cam- 
era, with a fully loaded magazine con- 
taining 50 ft. of film, weighs less than 
5.5 Ib. 

A unique film drive is always en- 
gaged with the film, and there are no 
pull-down claws to be bent or which lose 
contact with the film during the return 
stroke. Provision is made for daylight 
loading of the cameras, employing a 
standard 50-foot film cartridge. 

The shutter speed is 1/250 sec. This 
speed cannot vary with changes in 
frame rate as the shutter design en- 
tails two blades each rotating in the 
same direction. The forward blade, or 
shutter blade, has an angular cutout 
of 92 deg. and rotates at a constant 
speed of 64 rps. The second blade has 
a 115-deg. angular cutout and rotates 
at the same speed as the frame rate 
64, 32 or 16 frames per sec. With this 
arrangement the required shutter speed 
is maintained without the necessity of 
varying slit width as in the convention- 
al type shutter design. 

The entire mechanism is a series of 
individually packaged components, 
readily interchangeable. O00 


Static D-C References 
for Closed-Loop Controls 


(Continued from page 61) 


and proven circuits are available. 
The accompanying circuit diagrams 
show some of the more interesting of 
these. In each case, the design of the 
circuit is summarized by means of 
an equivalent circuit or a listing of 
equations that define the particular 
circuit itself. 

For magnetic-amplifier controls, it 
is important to have a voltage refer- 
ence that has a high output imped- 
ance in order to achieve a short time 
constant. There are several transistor 
circuits that can provide this desir- 
able feature. One such circuit is 
found in Fig. 14, which also shows 
the equivalent circuit. (12) 

Two- and three-transistor circuits 
have been developed for voltage 
regulators of both the shunt and 
series-feedback types. Figure 15 de- 
picts the basic circuit for a shunt 
voltage regulator using two transis- 
tors. The equations needed to design 
this circuit are also furnished. A 
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Know your timer types... 


Grouping the multiplicity of timer 
types into four broad classes sim- 
plifies equipment designer's job: 


INTERVAL TIMERS 

The first—and simplest—group is 
that of the interval timers. These 
consist basically of a motor, an arm 
or cam, and a switch. To operate the 
timer, the user simply sets the 
mechanism manually to the desired 
time interval. This action transfers 
switch contacts that start the timer 
motor. 

The motor drives the timer mech- 
anism to the end of the timing cycle. 
At this point the switch returns to 
its original position and the motor 
shuts off. 

A variety of dials, knobs, push- 


INTERVAL TIMER of advanced design, the new 
Cramer Type 241 features large easy-to-read 
dial, pushbutton start, automatic and imme- 
diate reset and repeat accuracy of + %4 of 
1% of full scale. Bulletin PB-241. 


button start, automatic reset fea- 
tures, special housings and additional 
load switches may be used, but the 
basic operation is the same. Interval 
timers are used in applications that 
require frequent changes in setting— 
like photographic exposure timing. 


TIME DELAY RELAYS 


The time delay relay represents 
the second large group of timing 
devices. These units provide accu- 
rately timed delays between the 
closing of an external remote switch 
and the transfer of a load switch. At 
the end of each cycle, the motor 
shuts off automatically, and the 
standard device remains in this 
“timed out’ condition until the 
clutch is released allowing the timer 
to reset. Other variations reset 
automatically at the end of a cycle. 
Models are available to either reset 
on power failure or suspend opera- 
tion until the circuit is restored. 
Special housings, additional 


READER INQUIRY SERVICE CARDS, PRECEDING 


switches, various clutching mecha- 
nisms, and a wide selection of wiring 
arrangements make the time delay 
relay an extremely versatile device. 

A typical application is for regulat- 
ing processes such as heat treating 
where the timer controls the amount 
of time required to produce the 
desired change in the metal. 


TIME DELAY RELAYS—like the Cramer Type 
440A above—are rugged, dependable and 
accurate devices to control from 1 to 5 load 
circuits. For flush, surface or panel mount- 


ing. Bulletins PB-310 and PB-311. 


CYCLING TIMERS 


In the third category are found 
the cycling timers. Fundamentally 
these units are made up of the driv- 
ing motor, a cam (or arm) which is 
revolved continually by the motor, 
and a switch operated by the cam. 
The cycling timer produces switch 
transfer repeatedly, according to the 
cam cuts, as long as the motor runs. 


CYCLING TIMERS — like this Cramer Type 520 
come in 1 to 8 poles. Normally factory pre- 
set for highest accuracy. Operating speeds 
1 rev./6 sec. to 1 rev./day. Bulletin PB-510A. 


TALK IT OVER WITH 


Variations of the cycle timer 
include changing the motor speed, 
cutting cams in an almost infinite 
number of combinations, and adding 
switches. The cam setting may be 
fixed or adjustable. Special housings 
are available. Cycle timers are used 
to control a program or sequence of 
events as in a signaling system. 

TIME TOTALIZERS 

Time totalizers, or elapsed time 
indicators, range in complexity from 
a simple motor-driven counter to 
the precision time totalizer used in 
scientific research. The former, 
usually used as a running time meter, 
counts discrete time units from 
tenths of a second to hours. The 
more elaborate time totalizer is 
actually an electrical stop clock 
capable of measuring time intervals 
to an accuracy of + 0.01 second. 
Running time meters are used to 
record the operating or down time 
of industrial machines. They are 
offered in many models—with or 
without reset, in portable or die-cast 
enclosures, etc. Time totalizers are 
commonly applied in test equipment 
for industrial and military labo- 
ratories. 


TIME TOTALIZER of laboratory quality. The 
Cramer Type 690 features easy-to-read scale 
and pointers for fast, exact readings, accu- 
racy to + 0.01 second. Reset lever conven- 
iently located on dial face. Bulletin PB-610. 


LEARN MORE about these four basic 
timer types from Cramer’s complete 
line. Just ask us to send you our bul- 
letins on the types that interest you. 
Nearly 100 varieties are stocked for 
immediate shipment. Cramer Con- 
trols Corporation, Box 8, Center- 
brook, Connecticut. (Formerly R.W. 
Cramer Co.) 7.1 


CRAMER CONTROLS 
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three-transistor circuit is given in 


Fig. 16. 
small n lon coil bobbins In the series-feedback group, a reg- 
ulator using two transistors is shown 


in Fig. 17. Accompanying this sketch 
is the equivalent circuit defining all 
design parameters. Concluding this 
collection is a three-transistor circuit, 
Fig. 18. (14) 

All transistor regulators have one 
major limitation in that the regulated 
output quantity is dependent on am- 
bient temperature. The greatest effect 

@ Wide range of of temperature is traced to the varia- 
shapes and sizes tion of leakage current /,. of the 
power transistor. In general, a regu- 
lator using one transistor will exhibit 
an error of about 2 per cent with 
@ \rregular shapes ambient change from 25 to 75 C. The 

and special materials error will be 5 per cent for circuits 

to order containing two or more transistors. 

NOW available hom stock Thermistors and negative-tempera- 
noes, eon, ture-coefficient silicon diodes can be 


ready-for-use 


@ 1-pc. Nylon molding 
speeds winding 


used to provide adequate compensa- 
NOW Gries offers a wide variety of nylon coil TODAY FOR FULL ion 
bobbins from stock. Automatically mass produced at WRITE TES t = 


low cost—ready for use. Stock sizes from V4" diameter x INFORMATION Another effect of temperature varia- 
. 16" tong cainimam up te 35° Giemeterx 4 tion is the change produced on the 
7%" long—round, square, rectangular, oval shapes. 


Check Gries for your bobbin needs—either from / current gain B which appears in the 
stock—or to your size, shape and material specifi- equations of the output voltage, cur- 

cations on special order. vs *}: . 
rent, stabilization factor and the out- 
' put impedance. This effect can be 
GRIES REPRODUCER CORP. compensated by special d-c feedback 
149 Beechwood Ave., New Rochelle, N.Y. i World’s Foremost Producer techniques. ° . 
NEw Rochelle 3-8600 4 of Small Die Castings Transistor regulator circuits have 
an excellent ripple attenuation factor. 
In a single-phase full-wave bridge 
rectifier with input capacitor only. 
the ripple at the output can be made 
as small as 0.5 millivolt per volt of 
. a-c ripple at the input. This figure 
Re: Study Group on seallts te Teveetekiiiien regulators. 
The latter can be designed so that a 
ati En ‘ st la change of 10 per cent in supply vol- 
gineering tage will cause only a 0.005 per cent 
change in the output voltage. The 
output impedance in regulators using 
one transistor is in the order of a few 
ohms. For circuits containing two or 
more transistors, it is a fraction of 
an ohm and can even be made slightly 
negative if the application requires. 


@ An increasing number of companies today are setting up 
study groups to evaluate the human engineering problems rele- 
vant to their own company products and to formulate human 
engineering approaches and standards. The human factor is 
being recognized as a prime design consideration. It exists in OOO 
every machine where man is a component by virtue of use, 

operation, service or maintenance. 


Cited References 
Engineering groups embarking on this area of study will find 


= i Pa 

helpful source material in a new ELECTRICAL MANUFACTURING I, “Saturable Core Reference Source, 
A. G. Milnes, Journal of Scientific 

design compendium now in preparation and titled “Human ; a oad 

oe : 3a  » Instruments, April 1953. 

Engineering in Equipment Design’. ; ‘ 

“Magnetic Amplifiers” (book), by Dr. 

H. F. Storm, published by John Wiley 


This new booklet brings together eleven reprinted articles 2 Sens Mew Cok, 


-aling with the theory, technique and practice of human ; 
de uli 2 - ae. 1 eee I ie ; = 3. French Patent No. 1121309, Michel 
engineering. The articles, all previously published in Exec- Mamon, 1950 

TRICAL MANUFACTURING, were written for the special needs 5 “i - 

of the designer of electrically energized machines, equipment, 4. “Magnetic Amplifiers and Saturable 
appliances and instruments. Reactors” (book), by M. G. Say, pub- 
aa oa ee , e lished by George Newnes Ltd., London. 


Bi . 5. “Saturating Transforme > cir- 

For contents data and how-to-order details, see announce- ee sformer Reference Cir 

, . : : . ; cuit” by W. G. Evans, Paper No. 54- 

ment of Multiple Reprints in the February issue. Me Mies Bodimales, 
tions and Electronics, Jan. 1955. 


5. Technical Report No. 70 by Drs. T. 
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(rot, Your Neck Out On A Cable Problem ? 


Here is a pretty painful spot...and many when the problem is custom 
necks are lost this way! cables... or wires... or 
If your neck is out where the wrong cable cord sets. 

decision could materially damage it . . . make 

the move that will put your adam’s apple in =‘ This catalog will tell you a lot 
back of your collar again... the move to — ask for it! 


PHALO! 


Be among the necks that stay unstretched 


Commercial & Foster Streets 


WORCESTER, MASSACHUSETTS 
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Buchold and E. Stuhlinger, Redstone, 
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7. “Evaluation of Core Materials—Part I,” 
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3 ‘ a land, April 17, 1956. 


10. “Voltage Regulators of the Shunt 
Type,” W. G. Hoyle, Review of Scien- 
tific Instruments, April 1948. 








11. “Time-Saving Network Calculations” 
(book), by H. Stockman, published by 
Ser Co., Waltham, Mass. 


12. U. S. Patent No. 2,716,729, W. Shock- 


* - ley, Aug. 30, 1955. 
: 13. “Junction Transistors and Diodes for 
: . Power Regulators,” F. H. Chase, Bell 


Laboratories Record, Sept. 1955. 


| Tt) k a) TIME DELAY RELAYS 
5900 Series: For time delay or 


interval timing in ranges from 
0 to 10 minutes. 








, 14. “Transistorized Regulated Power Sup- 
> aS plies,” H. R. Lowry, Electronic Design, 


i Feb. 1956 
INTERVAL TIMERS . 1956. 
8006 Series: Times intervals from 
60 seconds to two weeks with Other References 


exactness. a ’ “A Silicon-Diode Voltage-Reference Unit,” 
MG rim W. H. Woodworth and A. Pearson, AIEE 
f Conference Paper 56-895. 


“Design & Applications of Transistorized 
Regulated Power Supplies,” S. Sherr, 
P. M. Levy and T. Kwap, paper pre- 
sented at the National Conference on 

Aeronautical Electronics, May 1956. 

| “Transistor Voltage Regulator,” R. H. 
Spencer and T. S. Gray, AIEE Confer- 
ence Paper 56-41. 

“Current Reference for Magnetic Ampli- 
fiers,” D. A. Butt, Electronic Industries, 

October 1956. 

“Some Applications of Semiconductors 
Devices in the Feedback Loop of Regu- 
lated Metallic Rectifiers,’ B. H. Hamil- 
ton, AIEE Conference Paper 54-418. 











ELAPSED P 
TIME INDICATORS 
5700 Series: Registers passage of 
time in minutes and tenths of 
minutes and hours with mathe- 
matical regularity. 















TIMING MOTORS 
Compact HAYDON Timing Motors 
that can be operated continuously 
in any position drive all HAYDON 

Timing Devices. HAYDON spe- 

cializes in timing; engineers and 

builds only timing components; 

rit has the “know how” to put time 
to work for you. 








Postcard return cards are 
provided preceding back 
cover as a convenience to 
the reader in obtaining 











New Components 

and Materials 
Additional data from the 
supplier of any item re- 
viewed. 


LAT OE 


TAKE TIME NOW to write for the 
name of your HAYDON Timing Specialist, 
and for HAYDON Catalog. 







Literature for the 





HAYDON 


AT TORRINGTON 


Design Engineer 
A copy of any manu- 


A SUBSIDIARY OF GENERAL TIME CORP. 














: facturers publication re- 
HEADQUARTERS FOR ° I 
HAYDON Manufacturing Company, Inc. :! viewed. 
Tl M I be G 2525 ELM STREET, TORRINGTON, CONN. : Feature Article Reprints 
: (0 Send me “Electric Timing Devices” catalog. : Single copies of selected 
a (0 Send me name of HAYDON Timing Specialist. : feature articles. 
§ NAME é ; 
: a a Advertised Products 
Fs aemnaaie = : More information on any 
' oa ieenes : product or service de- 
' scribed. 
Trademark Reg. ; a : 
U.S. Patent Office da aicsc bind to inion diesel ein ahnasaaasinsie ab es anunenenen eeaaiienE 
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MOTIONS-IN-MINIATURE WHY IT PAYS TO DESIGN 


CLUTCHES BY FORMSPRAG “THE FORMSPRAG PRINCIPLE” 
INTO YOUR PRODUCT 


Sprags are an advanced design of precision 
wedges made of hardened alloy steel. 
Utilized in a clutch, they increase the effi- 
ciency and prolong the life of all equipment 
using an over-running clutch or ratchet. 


ACTUAL SIZE 


The sprag is, in effect, a “roller” of in- 
creased diameter with greater contact sur- 
face in a given annular space—therefore, 
of increased torque capacity. 


OSPR MCL CCB .-..cccccccsccsesessereeeeeeees 
sprag principle comes to 
small over-running clutches 


Formsprag—pioneer in the development of sprag-type clutches—now offers 
a truly versatile small clutch for hundreds of varied applications. 


In terms of your product's performance, Formsprag FS-02 and FS-04 clutches 
provide unusual compactness, utmost accuracy and torque, simple and Basic construction of the Formsprag Clutch 


. . is simple. A full complement of sprags is 
dependable operation. And they are easily adapted to a large variety of anatted hebaean ieiher abl ediet tancodeln 
mounting arrangements. races. Contact with both race surfaces is 


; oe ; . maintained by energizing springs. 
Manufacturers of automatic coil-winders, stamping machines, laundry ma- 


chines, table band saws, etc. are already utilizing these versatile clutches. 
Why not profit by their experience? 


Seeeeeeeeseeoeeeosesesseseseseesesesses 


MORE 
RE’S RE 
HE s AL COMPACTNESS INFORMATION? 


see our catalog in > 10Uld you require details 

Model FS-02 Y,” yy,” 50 in. Ibs. +9 on these Formsprag small 

re re ene ERR REITER clutches as well as the 
Model FS-04 4," yy" %" 200 in. Ibs. s roth complete line, write today 

se for this new 26-page catalog. 


Bore Size 0.D. Torque Over-running Speed 


*Higher speeds possible on special applications. Consult with factory. 


or write for copy 





Over-Running, Indexing and Backstopping Clutches for aircraft, automotive and various industrial applications 


FORMSPRAG COMPAN X 


23589 HOOVER ROAD, VAN DYKE (DETROIT), MICH. 
& World’s largest exclusive manufacturer of over-running clutches 


A5-IC Distributors in principal cities 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


297 








Compression Magnetic Materials A GEARMOTOR 


Molidin | New Devices 
S and Components for dependable 


(Continued- from page 73) 


| power in 
| Small 
applied field is of sufficient strength to | 


ea : . ° 
rotate the radiation 90 deg, the entire | Applications 


radiation will be reflected back by the 
output, rotated another 90 deg and 
transmitted to the input to prevent | 
transmission. With intermediate rota- 
tion part of the wave is transmitted and | 
part is reflected back and trapped in 
the cylindrical section. 

The chief limitations of the conven- 
| tional Faraday switch are that quite 
large and carefully regulated fields may 
be required to achieve the 90-deg 
rotation required for cutoff. But this 
limitation can be overcome for switches 
operating in a narrow frequency band | 
| by utilization of the trapped radiation 
| from partial rotation through design of | 
| the cylindrical portion and choice of 
| ferrite to attenuate with relatively few 
degrees of rotation the resonant fre- 
quency for which the cavity was de- 
signed through choice of corresponding 
electrical length. This is shown by the 


.s 
| Thermosetting : 1 
2 theoretical curves of band attenuation 
Materials according to angle of rotation, Fig. 28. 


In addition the cutoff will be main- 
tained over a wide range of angular 
come to K & J | rotation. Practical switches have been 
built with performance as typified in 
K & J has always specialized in the Table III. Switching speed depends 











@ Motoresearch geared 
induction motors are designed for 
applications where motion at slow 
speed is required. That’s why more 
compression molding of those materi- | Primarily on solenoid circuitry, but | than a million are in use today on 
als which maintain their stability, | switching time as low as 0.2 millisec is vending, coin operated machines, 


under heat, after molding. But ma- | ily obtained. | amusement games, household 
terials vary in their properties — and ‘ ~~ | fanges and rotisseries. These Gear- 
it is in the selection of the proper Pore gg Digital ee | motors are manufactured in four 
molding compounds for your job that | Circuits. The design philosophy o basic sizes, with output shaft speed 
: : | the Ferractor*—basic unit of an “all- 
K & J plastics engineers can be most 3 9 om of 1 RPM and up. 
magnetic” equivalent of the Univac I | 


helpful. Send for our brochure, livital c 5 ss wiemeat tew 
“A Service to Users of Compression aigita computer—was re viewe DY 
P Tr. H. Bonn of the Remington Rand 


A magnetic clutch permitting 
motion for the interval where 














Molding. Univac Div of Sperry Rand Corp. This | ¢here is electrical contact can be 
| first commercial digital computer using | provided. 
magnetic cores for logic circuitry was 
designed and built for the Air Force | Flexible manufacturing opera- 
Cambridge Research Center to operate | tions permit prompt delivery of 
| at information rate of 660 kce—a com- | Gearmotors ordered. 
yuting speed about equal to Univac I. : : 

KUHN & JACOB a i of some 5000 vacuum tubes, | For further information send 
MOLDING & TOOL CO. | the Ferractor computer uses 1500 mag- the requirements of your applica- 
1201 Southard St., Trenton 8, N.J. | netic amplifier cores, 20 vacuum tubes tion to us. 

Represented by | for carrier pulse amplification and a 
S$. C. Uliman | few transistors to amplify the drum Cr ANY 
55 West 42nd St., New York, N. Y. signals, Net effect is size decrease by a | EACH omp 
Phone PEnn 6-0346 | factor of 15, less power consumption | glores cane 
Wm. A. Chalverus | by a factor of 30 and lower costs. con Gee. 
Carson Road, Princeton, N. J. Circuitry is designed around two | Gearmotors and 
nae Sees basic amplifiers—the complementary | Special Electrical Equipment 
Wm. T. Wyler | (or “not”) amplifier of Fig. 29A and | Designers Manufacturers 
Box 126, Stratford, Conn. | } 
Phone Bridgeport 7-4293 | *Trademark Sperry Rand Corp. | 
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For Con 
and Miniature 


NATIONAL Retaining Rings 
conserve valuable space in 
portable equipment, pocket 
radios, hearing aids, controls, 
meters, instruments and mini- 
ature assemblies. Weight sav- 
ings and reduction of manu- 
facturing costs are added ad- 
vantages, 


Simplify design by specifying NATIONAL Retaining Rings on 
shafts and housings. These dependable rings save material, weight 
and assembly time wherever shoulders or collars are required. 
Grooving smaller diameters for retaining rings avoids cutting 
down larger diameter material to form shoulders and collars. . . 
saves costly machining, speeds assembly. NATIONAL Retaining 
Rings are service-proven on all types of equipment from heavy 
machinery to miniature assemblies. Ask for all the cost-saving 
facts, today! 


THE NATIONAL 
LOCK WASHER COMPANY 


NEWARK 5, NEW JERSEY 
MILWAUKEE 2, WISCONSIN 
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assertive 
comple- 
amplifier is similar to the 
Ramey circuit designed for power fre- 
quencies—an output results only when 
there is no input on the previous half 
cycle. The assertive amplifier has an 
output only on the half cycle immedi- 
ately following an input pulse. 

In Fig. 29A rectifier X, can conduct 
only during positve half cycles of the 
carrier voltage. During negative half- 
cycles an input can occur without being 
transferred to the output circuit, pro- 
vided the core has a rectangular hys- 
teresis loop and the carrier pulse height 
on positive half cycles is sufficient to 
switch the core from —B, (negative 
set state) to +B. (positive set state). 
With the input at ground potential, the 
core will be set at +B,. Next positive 
power pulse will switch the core from 

B. to +B, along the top of the 
hysteresis loop, where impedance is low, 
so substantial current will flow to cause 
an output. But a positive input will 
switch the core from +B, to —B, so 
that the next positive power pulse can 
only switch from —B, to +B, and very 
slight output will occur during this 
traversal of the high-impedance side 
of the square loop. Path X¥,RV. in 
the output is a constant current sink 
to absorb the slight output current that 
follows on input pulse. This permits 
interconnecting a large number of am- 


Input =o 
ud 


Voltage waveforms 


Corrier or 

power ied 

applied to 
terminal 3 V 


Signal input of FL, 
V 
oun oh_—_ 


the non-complementary or 
amplifier of Fig. 29B. The 
mentary 


| X2 
Inputs e om 
2 x X3 
x4 Output 
= 3 $Re 


7 
7 
-V 
Corrier or vy Voltage waveforms 


power pulses 
opplied to oO : 
terminal 3 


Vv 


Signo! input of FL, 
Vv 
Outputpt_ LP) 


Fig. 29—Two basic circuits for Univac 
magnetic digital computer: (A) com- 
plementary (or “not”) amplifier, (B) 
non-complementary (assertive) amplifier. 
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plus 


OU’VE probably noticed the 
steadily growing preference for 
Stackpole fixed composition resistors in 











critical military uses as well as in a 
high percentage of today’s television, 
radio and industrial electronic equip- 
ment. 

There are two main reasons: Out- 
standingly dependable products 
backed by equally dependable, per- 
sonalized service. 

Dependability is assured by the 


most modern manufacturing techniques 


ie 4 


fa 





plus constant testing. From preliminary ELECTRICAL TESTING= Each Stackpole fixed composition 

7 resistor gets a final test on automatic machines like 
these. Other tests before and during production 
bring the total test percentage to well over 200%. 


sorting tests to the final 100° test and 
numerous quality control tests extending 
from raw materials through production, 
it is conservative to say that Stackpole 
resistors are tested well over 200%. 

As for service in meeting resistor 
requirements accurately and when prom- 
ised—this is a Stackpole factor that is 
just as carefully controlled and tested as 
the manufacturing processes themselves. 

And it is our sincere aim to keep it 
that way. 





Electronic Components Division 
STACKPC LE CARBON COMPANY 
St. Marys, Pa. 


ERVICE IN THE MAKING= 4 portion of 


the huge fixed composition resistor 
stock Stackpole strives to maintain to 


assure prompt deliveries. 
Canada: Canadian Stackpole Ltd., Pp P 


550 Evans Ave., Etobicoke, Toronto 14, Ont. 


we ee weeds 20668 6 66 68886 O88 8 FEE ES SE 


rx comes RESISTORS 
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plifiers with no danger of partial out- 
4 h ASSEMBLY PA ERS puts growing into full fledged outputs. 
ut f ese Major gain limitation of this circuit is 
from enhancement of the output recti- 
1) work for ny 1] fier X, (temporarily lowered back re- 
4 ahi sistance after a large forward drop) 
which tends to switch the core to —B 
at the end of an output period even 
when no input is received; this can be 
minimized with a bias winding, not 
shown, with ampere-turns sufficient to 
offset worst enhancement expected from 
the diodes used. 

In the assertive amplifier of Fig. 29B, 
the bias winding tends to keep the core 
at —B,. When no input is present, no 
output can follow. But a positive input 
will overcome the bias to keep the core 
at +B, so that an output will follow 
on the next positive power pulse. The 

| three parallel input paths shown con- 
| stitute an “or” circuit in that an input 
can be applied to any one to cause an 
output. 

Design procedures are standardized 
for all amplifiers based on the maxi- 
mum power that can be handled by the 
output rectifier—in this case a germani- 
um diode handling 125 ma and 15 
volts. The assertive amplifier then re- 
quires % and the complementary ampli- 
fier 4% of the standard output for an 
| input. Thus a standard  single-diode 

core can drive from 5 to 7 amplifiers 
| and complementaries. 

All combining and sequencing cir- 
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PRESTOLE FLAT Nuts 


eliminate slow, complicated and costly as- 
sembly operations in a multitude of industrial 
applications. They provide greater holding 
power—eliminate special tools, threaded 
nuts, lock washers—cut assembly steps 
save valuable production time. 


Engineered and designed with the famous 
360° grip Prestole impression, Flat Nuts are 
available in a variety of standard types for 
immediate delivery to your plant production 
schedule. In addition, they can be designed 
and produced in many special sizes and 
shapes to meet specific requirements and 
applications 
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Reseto 
> Set 


In either case, they maintain their ability to 
meet severe torque and tensile requirements 
and distribute the fastening load over a 
larger area through Prestole’s greater bearing 
surface. In thousands of applications, Pres- 
tole Flat Nuts continue to function long 
after other fastening methods have failed. 
Fastening problems of all types are being 
solved daily by Prestole’s engineers and tech- 
nicians. Consult your nearby representative 
or write direct to the factory for engineering 
assistance and service based on years of 
“*know-how” in the fastenings industry 


re) 





> Reset 
| Seto 


| Fig. 30—Magnetic computer flip-flop 
circuit. 
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input 
* 


1318 MIAMI STREET ° TOLEDO 5, OHIO 
PRESTOLE OF CANADA + OAKVILLE, ONTARIO Seriet 
input 
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Fig. 31—Typical magnetic shift register. 
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Another cost-saving application 


Quality is a must for trouble free operation, con- 
tinued customer satisfaction. And quality depends 
upon the excellence of every part, every component. 
For many years Whirlpool-Seeger has used OILITE 
center post bearings, agitator shaft bearings, water 
pump bearings and pulley bearings in their auto- 
matic washers. Whirlpool-Seeger uses these and 
other OILITE parts for very good reasons. 

First of all, the manufacturer knows OILITE 
heavy-duty bronze bearings will meet specifications. 
Chrysler-Amplex precision production assures him 
OILITE bearings capable of carrying their loads 
safely, surely and quietly. 

Then too, Chrysler-Amplex plant and facilities— 


Representatives and dealers located in principal cities in United States and Canada. 


Only Chrysler Makes OILITE 


aire 


PRODUCT 


Bearings e Finished Machine Parts ¢ Permanent Metal Filters e Friction Units 


Ferrous and Non-Ferrous Metals 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


AMPLEX DIVISION 


CHRYSLER CORPORATION @ DETROIT 31, MICHIGAN 









IN AN AUTOMATIC 


of Amplex Powder Metallurgy 


largest and most complete of any in the metal 
powder fabrication industry—promises on-time 
deliveries in any quantity. 

Moreover, in using OILITE bearings the manu- 
facturer selects a product his customers know and 
respect for superior engineering. 

Finally, this manufacturer, like a great many 
others, finds OILITE bearings—despite all their 
advantages—cost no more. 

Chrysler-Amplex representatives and dealers are 
located in principal cities in United States and 
Canada. Let the nearby representative help you. 
Find him in the yellow section of your telephone 
directory under—‘‘Bearings—OILITE.”’ 





WASHER HELPS BUILD 
-YET COSTS NO MORE 


S-56 ;Standard OILITE Bronze Bearing Stock List. 
All standard sizes—over 1000 sleeve, flange and thrust 


bearings, cored, bar and plate stock—are listed in this 
handy, easy-to-use booklet. Write for your copy today 


Address: Dept. 1-D, Chrysler-Amplex Division, P.O 


Box 2718, Detroit 31, Michigan, 
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70 PAGES OF HELPFUL DESIGN DATA ON 


PRINTED CIRCUITS 


R ECENT and continuing developments in printed circuitry have 
been the subject of a series of highly informative original articles 
published in ELECTRICAL MANUFACTURING. 

Eleven of the most factual and timely articles are now pre- 
sented in bound booklet form in the latest edition of the multiple 
reprint, “Printed Circuits.” Each article is presented in its en- 
tirety with all the original illustrations, schematics and diagrams. 
Contents include: 


Mass Production of Electronic Subassemblies, October 1954, 4pp. A 
completely automatic system for coordinate placement of standard 
discrete components on printed circuit wafers. Punch tape signals 
and servomechanisms are used for program control. 


Automatic Production for Electronics, July 1954, Qpp. Fabrication 
techniques used in automatic production in the electronics field. 
Also some discussion of basic design factors. 


Principles of Electronic Circuit Packaging, August 1955, 9 pp. A basic 
system applicable to automatic component assembly. Four basic 
packages are described. General principles of printed wiring 
construction, thermal adequacy, and physical requirements for 
ruggedness. 


Printed Circuits Have Versatility Plus, June 1955, 8pp. Unique quali- 
ties of printed circuits which make them highly adaptable for a 
wide variety of applications outside the electronics field. Con- 
tact decks in compact switches, resistance strain gages, power 
transformers, airplane deicers and wiring harnesses are new ap- 
plications discussed. 


Simplifying Fabrication of Printed Circuits, February 1954, 4pp. An 
improved stencil-etch process utilizing nitric acid which cuts 
printed circuit production time drastically. Detailed discussion 
of fabrication techniques. 


Etched Wiring Simplifies Magnetic Amplifier Design, January 1955, 2pp. 
The combination of etched and wire harness connective elements 
decreases production time and reduces size to fit restricted spaces. 


New Molding Process for Printed Resistors and Capacitors, January 
1955, 8pp. Formulation of resistor inks; printing and wiring pro- 
cedures; the effects of formulation and operational variables on 
resistor characteristics. Equipment used is described. 


A New Compression-Molding Process for Printed Capacitors, February 
1955, 8pp. Direct printing of film capacitors on ceramic bases 
within av tolerance limits. Equipment and processes are de- 
scribed. Characteristics under various formulating and operational 
conditions are analyzed. 


New Developments in Automatic Production for Electronics, April 1955, 
6pp. A report on several phases of the overall automatic produc- 
tion program: a machine for inserting 24 different components into 
a printed circuit board, an automatically programmed punching 
machine, an adaptation of the Tinker-Toy technique, and a com- 
ponents manufacturer’s view on special packaging. 


Quality-Type Components for Printed Wiring, October 1955, 6pp. The 
avoidance of transmission of mechanical stress in components de- 
signed for easy insertion into printed circuit boards. Although 
primarily intended for military equipment, new component designs 
are adaptable to home and commercial products. 


Artwork Procedures in Printed Wiring, January 1956, 6pp. Artwork 
procedures in making up masters for printed wiring boards. Basic 
problems are related to procedure. Tolerance, costs, and other 
factors are stressed in a “how-to-do-it” approach. 


e Copies of “Printed Circuits” are available at $2.50 each on orders 
accompanied by remittance, including 3 percent sales tax for New 
York City deliveries. Please address Reader Service Dept., The 
Gage Publishing Company, 1250 Sixth Avenue, New York 20. 


cuits are made up by interconnecting 
standard circuits. Figure 30 is a typical 
flip-flop formed by interconnecting two 
complementary amplifiers (so noted by 
the heavy dot) operating on two dif- 
ferent power pulse phases. Assuming 
complementer 4, is putting out a series 
of phase 1 output pulses to the “set” 
line, input pulses will also be fed 
through to lower “or” circuit to pre- 
vent any output from Az to the “reset” 
line. A “reset” input will inhibit the 
output from A, thus inhibiting phase 
1 “set” output and removing input to 
A», allowing a phase 2 “reset” output, 
which will also inhibit the “set” output. 
Complementaries 4, and A» represent 
a load on each other of 4 the standard 
output. 

Figure 31 shows a shifting register 
with a different type of flip-flop using 
assertive amplifiers A, and Ay. This 
register can store information and 
emit a series of pulses indicating 
whether a binary 0 or | is stored. 

Cores are wound of 14-mil 4-79 moly- 
denum permalloy, chosen over ferrite 
materials for its high figure of merit for 
14 microsec pulses and narrow hystere- 
sis loop. To keep the figure of merit 
on high as possible, required the bob- 
bin on which the tape is wound to be 
as thin as possible. The conventional 
ceramic bobbin was replaced with a 
3- to 4-mil thin-wall stainless steel 
bobbin. The Ferractor coils are toroid- 


Tes 


- 





B 


Fig. 32—Computer construction: (A) 
basic printed circuit board mounting two 
hermetically sealed headers each contain- 
ing two Ferractor cores, (B) printed 
circuit boards mounted in computer rack. 
(Sperry Rand Corp photo) 
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Arc resistance of Du Pont TEFLON” 
helps reduce generator maintenance 


General Electric finds insulator sleeves 
of Teflon withstand repeated flashovers 


Thin-walled tubing of TEFLON® 
withstands soldering temperature, 
simplifies assembly 


TEFLON tetrafluoroethylene resin main- 
tains high dielectric strength at elevated 
temperatures. It also has high surface 
resistivity, dropping only to 1013 ohms at 
100% relative humidity. It maintains full 
electrical insulating characteristics, even 
when flexed or bent during assembly and 
installation. This combination makes it 
possible to miniaturize an electrical as- 
sembly without fear of dielectric failure. 

For example, thin-wall tubing of 
TEFLON simplifies assembly of compo- 
nent parts in a series of miniature rotary 
tap switches. Since TEFLON will not 
burn, melt or decompose when connec- 
tions next to it are soldered, assembly of 
switch parts is easier, faster, and the pos- 
sibility of accidental grounding is mini- 
mized. The thermal stability of TEFLON, 
even in thin sections, is demonstrated in 
this tubing where the wall thickness is 
only .014”. The nominal inside diameter 
is .075”. TEFLON meets Class H, AIEE 
standards for maximum insulating tem- 
peratures. 

TEFLON is non-flammable, has good 
mechanical strength and is completely 
unaffected by sunlight or outdoor weath- 
ering. It has zero water absorption by 
ASTM test D570-42, resists corrosion 
and growth of fungus, is chemically inert. 

TEFLON is applicable to a variety of 
uses in the electronic field. You can 
profitably use this versatile Du Pont en- 
gineering material in applications in- 
volving miniaturization; high-frequency, 
high-voltage, and high-temperature re- 
quirements; exposure to corrosive action. 


TEFLON® 


is a registered trademark... 


TEFLON is the registered trademark 
for DuPont tetrafluoroethylene resin, 


and should not be used as an adijec- 
tive to describe any other product or 
any component part; nor may this 
registered trademark be used in 
whole, or in part, as a trade name for 
any product. 





Outstanding success with insulators of 
Du Pont TEFLON tetrafluoroethylene 
resin is reported by the Locomotive 
and Car Equipment Department of 
General Electric. Used on the brush- 
holder supports of G-E railroad-type 
generators, these insulator sleeves 
have performed successfully in freight- 
train service for more than a year. 

Chief advantage of these sleeves is 
their resistance to arcing. Repeated 
flashovers, unavoidable in railroad 
service, have little effect on TEFLON — 
while former insulators blistered. 
G. E. reports that the new protective 
sleeves tend to be self-cleaning, too, 
thanks to the vaporization of a micro- 
film of TEFLON in the region of the 
arc, which provides a clean, new sur- 
face after each arc flashover. 

Easier handling of generators in the 
shop, together with the long service 
life of each sleeve of TEFLON, has 
made maintenance simpler and less 
costly. 


Can TEFLON help you? 


TEFLON offers new opportunities to 
designers of electrical equipment. This 
Du Pont engineering material has an 
unusual combination of properties 
that makes it well qualified for insula- 
tion in all sorts of power equipment. 


HEAT RESISTANCE: TEFLON withstands 
hot-spot temperatures to 500°F. 


POWER FACTOR: TEFLON has a power 
factor of less than .0005 for the tested 
range of 60 cycles to 108 cycles. 


Se ne ae es ae ee eee ae ae 






a 

© Sleeve of TEFLON being positioned over 
the insulator on brushholder support. Used in 
high-speed freight-train service, these sleeves 
of TEFLON have contributed greatly to less 
generator maintenance. 


® Brushholder sleeve of TEFLON on a G-E 
motor generator. TEFLON has a high short- 
time dielectric strength, ranging from 1000 to 
2000 volts per mil. 





RESISTANCE TO DETERIORATION: TEFLON 
is not affected by moisture or weather, 
and has outstanding chemical resistance. 


These properties, plus toughness and 
flexibility, are the reasons TEFLON is 
finding such wide usage today in tape 
and molded parts for the electrical 
industry. You'll find Du Pont TEFLON 
performing with outstanding success 
in motors, generators, transformers, 
capacitors and various types of elec- 
tronic equipment. 


E. I. du Pont de Nemours & Co. (Inc.), Polychemicals Dept. 


SEND FOR 
FREE DETAILS 


For additional property 
and application data on 
Du Pont TEFLON tetra- 
fluoroethylene resin, mail 
this coupon. 


rial for 


Company 
Street 
City 


Room 151, Du Pont Building, Wilmington 98, Delaware 


Please send me more information on Du Pont TEFLON tetra- 
fluoroethylene resin. | am interested in evaluating this mate- 


Type of Business 


i 
i 
i 
i 
i 
i Name 
i 
i 
i 
i 
i 





in Canada: Du Pont Company of Canada (1956) Limited, P. 0. Box 660 Montreal, ‘Gabe 





WHICH OF THESE PROBLEMS L 
FIT YOUR FIELDS yx 
OF INTEREST IN 


ELECTRONICS 


R & D work‘ in microwaves and 


tronic guidance 


devices. 


radiation. 
and control systems for 


Ms, 





& 


_——— 





Technical work on elec- 
missiles and other electronic 


Design and deve lopment of complex guided missiles control systems. 


navy igation syste Ms, 


beacon systems, automatic 


aircraft landing systems, 


proportioné al control systems for remote control purposes and comple x 
telemetering and instrumentration systems. 


Associated with these developments... 


-extensive design and develop- 


ment work on computers, microwave circuitry, antennas, autopilots, re- 


ceivers and transmitters, modulators. transducers, instrumentation, trans- 
formers, pulse circuitry, coders and decoders. automatic tracking antennas 
and amplifiers. Component parts standardization and evaluation support 


these activities. 


1. Devise an automatic frequency 
control system which will hold the 
frequency of an airborne power 
transmitter operating in the up- 
per microwave spectrum to one 
part in 150,000 under varied 
stringent environmental condi- 
tions. 


2 Develop a range tracking cir- 
cuit capable of operating on in- 
termittent signals in the presence 
of heavy noise and interference. 


If your qualifications ple wwe you ina poe 
to help solve these challe ‘nging proble ms. 
you are now limited in the scope of your op por- 
to partic ipate 
Bell's widely diversified activities in other fields, 
Manager, Enginee ring 
Departme nt Q-1. BELL AIRCRAFT CORPORATION, 


and would like 


tumity 
write today: 


P. O. Box One, Buffalo 5, N. Y. 


3. Design and develop a recip- 
rocal phase shifter at x-band to 
vary phase by ~ 0.125 dg ina sinu- 
soidal manner using ferrite load- 
ed waveguide. VSWR to be below 
1.2 and insertion loss below 0.3 
db over 6% bandwidth. 


4. Design a low Q microwave 
band...rejection filter for s-band, 
for use over a 2 to 1 frequency 
spread. Insertion loss at midband 
to be between 10 and 12 db. 





or if 


in of 


any 


Personnel, 
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Fig. 33—Ferrite bead fired around pre- 
positioned leads to form basic 1-bit unit 


(Bell 


of proposed new memory system. 
Laboratories photo) 


ally wound and mounted two-to-a-can 
in hermetically sealed headers which 
are plugged into printed circuit “cards” 
as shown in Fig. 32A. Cards are then 
slipped into a compact library, Fig. 
32B. Relatively few different kinds of 
basic cards are utilized for economical 
stocking and ease of replacement. 


Ferrite Memory Devices. Typical 
magnetic memory devices currently 
used with high speed digital computers 
are interlinked “jungle gym” arrange- 
ments of toroidal cores with two 
more wires threading through each— 
a painstaking assembly feat. Such as- 
semblies have successfully used 
for several years to store bits of infor- 
mation running into the thousands. Now, 
however, the pressure is on to develop 
high-speed memories that will handle 
millions or even billions of bits and 
meet the following requirements: 


or 


been 


1. Suitable for large scale automatic 
production. 

2. Require minimum testing. 

3. High signal-to-noise ratio. 

4. Faster switching time. 


To meet these demands would be al- 


most impossible with existing tech- 
niques. 
An approach proposed by D. H. 


of Bell Labs is to use ferrite 
beads (rather than wound ferrite cores) 
consisting of a mixture of ferrite 


Looney 





unit con- 


Fig. 34—Experimental memory 
sisting of printed wiring on a drilled 


ferrite board; material around edges of 
holes serves as memory cores. (Bell 
Laboratories photo) 
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FAMED FOR HIGH-QUALITY ELECTRICAL STEELS 


For more than 40 years this Company has 

been recognized as the producer of electrical 

sheets of the highest quality. Steels that 

punch fast and clean, with long tool life and 

low production costs. This enviable position 

in the industry is enhanced today by de- 

velopment of product and service superior 

even to those of recent years. Modern facili- 

ties and methods, old-time conscientious at- 

tention to every detail, location in the hub of 7RUCK . 
the fastest growing industrial area, make ical © 
Acme-Newport more than ever your logical 
source for electrical steels. 





oe 
COMPANY 
NEWPORT, KENTUCKY 
A SUBSIDIARY OF COMPANY Pa 








FOR PROVEN RELIABILITY | 


Specify 
HUSKY RELAYS 





Husky Relays are precision-engineered to 
give peak performance under all conditions. 
Exhaustive laboratory tests, quality-con- 

trolled production and a demanding inspec- 
tion program insure that each Husky Relay 


will deliver maximum service on the job. 


The complete Husky Line contains relays 
designed to meet standard needs. If you 


have a special design problem, send us your 





specifications for engineering review. 


Don’t underestimate the importance of the 
“Right” relay in your design. Remember, 


you can rely on Husky Relays! 





Sk? O RA TT 2Oce 


1500 Church St., Frederick, Maryland 
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powders fired directly on the current 
carrying wires—which could be auto- 
matically positioned. An experimental 
bead is shown in Fig. 33, an ellipsoid 
about 1 mm in length. Wire size may 
be as small as 2 mils with spacing 
between wires of % mil. Switching 
current for a given ferrite material is 
reduced by a factor of 5 or 10 over that 
of a toroid. Typical beads deliver 50 
my output from 100-ma driving current 
with switching time of 1 microsec. 
Hysteresis loop is relatively square. 

A second approach also from Bell 
Labs, presented by R. H. Meinken, was 
to construct a memory array by drilling 
a series of holes in a sheet of ferrite— 
the material surrounding each hole to 
act as a memory center, Fig. 34. Ad- 
vantages cited were: 

1. Low driving currents without sac- 

rificing speed. 
2. Space economy. 

3. Manufacturing economy through 

printed circuitry. 
Disadvantages are: 

1. Ferrite material between holes 

contributes noise. 

2. Air flux pickup must be minimized. 

3. Memory center must be magneti- 

cally uniform. 


Following the Bell Labs announce- 
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Fig. 35—Refined version of apertured 
ferrite memory: (A) basic 256-bit mem- 
ory plate, (B) ten plates stacked to form 
a 2560-bit memory unit. (RCA David 
Sarnoff Research Center photo) 
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When ball bearings are invaded by ex- 
ternal dirt, life is cut short. If dirt can get 
in, so can other contaminants...and lu- 
bricant can leak out. 

But when the SKF Red Seal is used... 
dirt and moisture are repelled and lubri- 
cant is positively retained until replaced. 

DuPont Fairprene, the material of the 
Red Seal, remains unaffected by lubri- 
cants, heat, ageing and moisture. Rein- 


forced by a securely staked steel retaining 
ring, it provides maximum sealing, lightest 
contact, lowest friction—for the life of 
the bearing. 

Designed for use by manufacturers of 
motors, portable tools, household appli- 
ances and other equipment requiring effi- 
ciently sealed bearings. Available in all 
standard S.A.E. widths, fully interchange- 
able with non-sealed bearings. 7753 


EVERY TYPE—EVERY USE 


ok 








Ball Bearings 

Cylindrical Roller Bearings 
Spherical Roller Bearings 
Tapered Roller Bearings (Tyson. ) 


oar 






*Reg. U.S. Pat. Off. Tyson Bearing Corporation 


SKF INDUSTRIES, INC., PHILADELPHIA 32, PA. 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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MODERN 
ELECTRONIC 
ENGINEERING 
GIVES PRECISE 
MOTOR SPEED 
CONTROL 


Modern industrial electronic en- 
gineering has been coordinated 
with electric motor design to 
provide a versatile means for 
obtaining the full possible ad- 
vantage of speed contro! in DC 
motors while operated from the 
regular alternating current power 
line. Grid controlled “Thyratron” 
tubes are utilized for power con- 
trolled stepless variation to sup- 
ply motor armature power. 
Patented feedback, or “Servo” 
circuits provide constant torque 
capability over wide speed ranges 
of as high as 60 to 1 in some 
models and a minimum of 20 
to 1 in others. 


VISA DIV. of ELECTRO DEVICES, Inc 


4 Godwin Ave 


Paterson. N. J 





means savings in gear 
costs up to 90% 


Our many years of pioneering and successful 
production of Nylon Gears, plus new reduced 
mold charges, can now make even greater econ- 
omies for you in the use of Nylon Gears. With 
the great variety in molds now possible, Nylon 
should not only be considered as an economy 
measure but the answer to many problems 
where a compact design is necessary. Nylon 
Gears are quiet, durable, efficient and need less 
lubrication — they mate perfectly with metal 
gears. 

Let our engineers with more than a decade 
in gear experience show you how Nylon Gears 
can save you money — let us consider your gear 
problems during the design process—send blue- 
prints or specs for prompt estimates. 


ee] of. oe 








ment, J. A. Rajchman of RCA Labora- 
tories, Princeton, N. J. took the floor to 
make an impromptu announcement of 
a similar development that had been 
carried even further, Fig. 35, through 
the perfection of molding and fabricat- 
ing techniques. Figure 35B shows an 
assembly of 10 apertured plates, each 
with 256 holes (bit capacity), to form 
a 2560-bit memory unit. With similar 
construction, memory units of 1-million 
bit capacity can fit shoe-box propor- 
tions. OOO 
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AAAS Cites 
Fine-Particle-Iron 
P-M Progress at GE 


At the annual Citation Dinner sponsored 
by the Industrial Science Section of the 
American Association for the Advance- 
ment of Science, in New York City, Dec. 
26, the General Electric Company was 
cited for its developmental progress with 
fine-particle iron magnets. In presenting 
the citation to E. E. Parker, general man- 
ager of the GE Instrument Department, the 
AAAS section secretary Dr. A. T. Bonnell 
(vice-president of Drexel Institute of Tech- 
nology) called the development of fine 
elongated iron particles “one of the major 
forward steps in industrial science in 1956.” 

In accepting the award, Mr. Parker 
stated that “although it will be some time 
before the new magnets are commercially 
available, the door is now open to new 
magnet applications as significant as those 
that followed GE’s introduction of Alnico 

. whole new vistas [open] to the design 
engineer because the iron particles can be 
embedded in plastics, metal, rubber or glass 

. [such] magnets are easily machined, 
drilled, tapped, soldered and molded pre- 
cisely into any desired shape.” 

Dr. T. O. Paine, manager of the GE 
Measurements Laboratory, traced the de- 
velopment of ultra-fine elongated iron par- 
ticale magnets from a theoretical specula- 
tion to a laboratory reality—stating that 
the size and shape of individual particles 
can now be precisely controlled. Paine, 
and Associates F. E. Luborsky and L. I. 
Mendelson, had previously announced some 
of the technical details of their fine-particle 
iron development at the AIEE Conference 
on Magnetism and Magnetic Materials 
held in Boston last Oct 16-19. This advance 
data is summarized in an ELECTRICAL 
MANUFACTURING staff report “Magnetic 
Materials Push Back Design ‘Stops’” 
starting on page 64 of this issue. 


JANUARY 1957 ELECTRICAL MANUFACTURING 





for better FORGING PRODUCTION! 


Sharon Open Hearth Quality Forging also a prime supplier of billets, blooms 
Ingots — now available in Carbon and and slabs — to customer specifications — 
Alloy grades, with ingot weights up to in Stainless and Alloy grades. For prices 

2 £ — contact the Sharon Steel Corporation, 
109,000 pounds. Sharon Electric Furnace Forging and Semi-Finished Steel Sales 
Quality Ingots — Stainless and Alloy Department — or one of the district sales 
grades, up to 50,000 pounds. e Sharon is offices listed below. 


SHARONSTEEL SHARON STEEL CORPORATION Shaw, Pemmylana 


DISTRICT SALES OFFICES: Cuicaco, CINCINNATI, CLEVELAND, Dayton, DETROIT, 
INDIANAPOLIS, Los ANGELES, MILWAUKEE, NEW YORK, PHILADELPHIA, ROCHESTER, 
SHARON, SEATTLE, MONTREAL, QuE., TORONTO, ONT. 


GRAND RapIps, 
San FRANCISCO, 
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THIS NEW-TYPE TAYLOR WIRING DUCT 


Pat. Pending 


You simply lay your wires in the duct, run them through holes 
to terminals, then snap on the cover — THAT’S ALL. No moving 
parts. No time wasted with hinges, cover screws, or mounting 
brackets. 


It’s a new concept in wiring automation control panels. It speeds 
up production; eliminates old-fashioned, time-wasting lacing, 
bundling, or flat-wiring. Quick-and-easy maintenance! 


Taylor Wiring Duct is non-combustible; resists acids and alkalis 
— warp-proof, too, with high-impact strength. Although tough 
and rigid, it can be cut with a saw, tinsnips, or even a pocket knife. 


Wider range of sizes than 
any other duct — 


From %" x %" up to 
4 wx3’H 


Made of tough Vinyl 
Plastic 


WRITE FOR SAMPLE, LITERATURE, AND PRICES 


TAYLOR ELECTRIC, INC. 


15406 Dale, Detroit 23, Mich., KEnwood 5-2500 











Magnetic Materials 


Permanent Magnets 


(Continued from page 65) 


—particularly in high-humidity atmospheres. With _fine- 
particle iron magnets, corrosion can be effectively reduced 
or prevented by internal and external organic coatings. 
According to Edmond Adams of the U.S. Naval Ordnance 
Lab, Silver Spring, Md., such coatings merely delay corrosion 
of manganese bismuthide. The same holds true for metal 
plating, as noted in Fig. 6. Recent studies indicate that 
corrosion is initiated by high-humidity oxidation and then 
accelerated by internal stresses set up by the high coercive 
force, usually starting at the corners or other areas of high 
stress. Such stress-corrosion has been eliminated by com- 
plete encapsulation in glass and in brass shells. And it can 
be minimized by providing an essentially closed magnetic 
circuit that avoids strong fiux concentrations. aoo0o 


Cc D 
: ; 

Fig. 6—Corrosion of open-circuited magnets of pressed man- 
ganese bismuth (Bismanol) in high humidities: 

(A) Nickel plated—6 months exposure—50% R. H. 

(B) Nickel plated—6 months exposure—95% R. H. 

(C) As pressed—6 months exposure—50% R. H. 

(D) As pressed—6 months exposure—95% R. H. 


(E) As pressed—l year exposure—95% R. H. 
(U. S. Naval Ordance Laboraotory photo) 


Magnetic Materials 


Soft Magnetic Materials 
(Continued from page 68) 


3x10** neutrons per square centimeter per second. Measure- 
ments were made before, during and after exposure of d-c, 
60 and 400 cps properties. 

Of the materials tested 2V Permendur, 16 Alfenol and 
3.5 silicon-iron showed the least change in their magnetic 
properties during irradiation and experienced almost com- 
plete recovery after removal from the pile. The 2V Permen- 
dur, despite its high coercive force, shows considerable 


JANUARY 1957 ELECTRICAL MANUFACTURING 





More than Hytimes actual size. 


NOW! even smaller air trimmer capacitors 


For every type of electronic equipment—printed wiring board or con- Complete Engineering data and specifica- 
ventional chassis— Radio Condenser’s new Series 75 trimmers mean more tions for the new Series 75 Subminiature 
circuit in less space. Measuring just 25/64” x 7/16” x 17/32” behind Trimmer capacitors are provided in Bul- 
mounting surface, they’re the tiniest trimmers ever made in the United letin T'R-123, available free on request. 
States. Write Radio Condenser now for your copy. 


: ' ‘ RADIO CONDEN 
Three capacitance ranges are available, as tabulated below. Each is MINIATURE AIR Sima covasaiee 
equipped with plug-in tabs for printed wiring board insertion, as well as 


two holes for conventional screw mounting. The sturdy low loss ceramic Min. {Effective Max. | Air | No. 
body, brass plates soldered and silver plated, assure a rugged unit, able taf eS 
to take extreme shock, vibration and temperature change. Capacitance 875001 ee 
is easily varied by means of a screwdriver slot in the rotor shaft. Temoe| 12 | 0 | ow| n | 

Insulation resistance, “‘Q” and thermal stability characteristics are | sss] 1s | 15 [08] 1s 
excellent. 


RADIO CONDENSER Co. 


Davis & Copewood Streets ¢ Camden 3, New Jersey 


EXPORT: Radio Condenser Co., International Div.. 15 Moore St.. N.Y. 4, N.Y.. 
CABLE: MINTHORNE 


CANADA: Radio Condenser Co. Ltd.. 6 Bermondsey Rd.. Toronto. Ontario 
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FOR IMMEDIATE SHIPMENT 
CARBON, ALLOY AND STAINLESS STEELS 
bars«structurals+plates+ sheets & strip 
tubing « reinforcing, etc., « also machinery & tools 


Plants ot: New Yerk + Boston + Wallingford, Conn. + Philadelphio + Chariotte, 
®. C, « Cincinnati + Cleveland + Detroit + Pittsburgh +» Buffalo + Chicago + 
Milwoukee + St. Louis + Los Angeles + San Francisco + Spokane + Seattle 


Dress Up Your Products 
with these 


NEW 
KNOBS 


Designed by Robert Podal/ 


Featuring metal inserts of 
chrome, copper, _ satin 
brass, gold. In a variety of 
thermosetting materials, 
both phenolic and urea. 
Send for details. 


ROGAN BROTHERS 


8027 N. Monticello * Skokie, Ill. 





promise as a stable material for magnetic amplifiers, hav- 
ing also been used satisfactorily in saturable reactor cir- 
cuits at 500 C. The 16 Alfenol actually showed improvement ; 
however its initial magnetic properties were poor—results 
here, if anything, indicate possibilities of nuclear irradia- 
tion as a method for improving the magnetic properties of 
aluminum-iron alloys. 

The 2-81 Mo permalloy powder and 50-50 nickel ferrite 
cores were not appreciably: affected so far as d-c, 60 and 
400 cps properties. However there were some high frequency 
eflects to be reported later. 

Orthonol and 5-79 Mo permalloy, on the other hand, 
show very large property changes—sufficient to cause failure 
of end devices using these cores, or at least a wide shift in 
operating characteristics. The latter material showed de- 
terioration effects for comparatively weak neutron flux fields 

Behavior similarities of all seven materials show: 

1. Maxium flux density is the property least sensitive to 

to neutron irradiation. 

Rectangularity has next smallest change and, except 
for Orthonol and 5-79 Mo Permalloy, such change was 
slight. 

All cores, with possible exception of 2-81 Mo Permalloy 
powder, showed partial recovery of one or more mag- 
netic properties at the end of two exposure periods. 
Coercive force measurements suggest a radiation-dam- 
age saturation effect, but larger dosages are needed to 
reveal whether such saturation really occured. 
Percentage changes, as tabulated, between initial and 
final property values are not necessarily the maximum 
changes shown by curves (not shown here) plotted 
during the complete test period. 

Because many materials, such as plastics core boxes and 
magnet wire insulation, ordinarily used in magnetic core 
assemblies, would deteriorate during test, it was necessary 
to use special core boxes, wire insulation and interlaminar 
insulation with minimum organic content. OoO00 


Magnetic Materials 


Ferrites and Thin Films 


(Continued from page 69) 


in Fig. 13, with driving and pickup loops on opposite sides 
of a small film square. Proper positioning to minimize air 
coupling will give a switching signal-to-noise ratio as high 
as 100. For large arrays the magnetic film can be evaporated 
through a template to form a rectangular pattern of deposited 
squares on a glass substrate. Driving and pickup loops can 
be fabricated on printed circuit boards and then positioned 
on opposite sides of the glass plate to form a sandwich 
assembly. 

Fast switching time is one of the critical design criteria 
for thin-film memories. Based on studies of 80-20 Permalloy 
evaporated onto strips of glass substrate, D. O. Smith of 
MIT Lincoln Lab suggested that coercivity and magnetiza- 
tion-reversal time vary with the angle between the driving 
field and the axis of initial orientation. Magnetization 
reversal times less than 20 millimicrosec have been observed 
with any reversing field large enough to overcome the orient- 
ing energy. The fastest switching times (as low as 1 milli- 
microsec, ideally) occur when the driving field is at right 
angles to the axis of initial orientation. Magnetization 
reversal along the axis of orientation requires greater torque 
(theoretically infinite) and/or longer switching time. O O O 
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NEW, 


COMPACT 48-FRAME 


Fractional HP 
MOTORS 


JALITY for all applications 
take less space... 
weigh less... 


perform better! 


Century Industrial Quality means design that does not 
compromise dependability to gain slight cost advantages... 
sturdy construction provides the stamina which assures con- 
tinuous operation. 48-Frame Motors now available from 
1/20 to 1/3 HP... Performance-Rated to your needs... 
with weight savings up to one-third! 


Test one of these motors for yourself. Call or write your 
nearby Century District Sales Office or Authorized Distribu- 
tor. Send for new bulletin 1-1P1. 


Performance-Rated MOTORS CENTURY ELECTRIC COMPANY 
1/20 to 400 HP 


1806 Pine Street © St. Louis 3, Missouri © Offices and Stock Points in Principal Cities 
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Magnetic Materials 
34 2 © | aN a iu E Test Methods and Apparatus 


1h (Continued from page 71) 


J a ) 
A ONY: 
hysteresis curves with any degree of accuracy had to be 


ene »o constructed point by point from ballistic galvanometer read- 
" ( () i \ ings. At least part of the credit for the acceleration of current 
bs as material development programs goes to the corollary develop- 
ment of highly accurate hysteresigraphs. But even these for 
the most part have been laboratory-built devices. Only a few 
(such as the dynamic voltage tracer announced last year by 
Hamner Electronics Co. of Princeton, N. J.) are commercially 
available as complete standard units. 

R. E. Tomkins and J. D. Young revealed design details 
of a new d-c hysteresigraph designed and built by the GE 
General Engineering Laboratory, Schenectady, and shown in 
Fig. 20. The new instrument is a multi-range device that will 
measure induction in either bars or rings of soft or hard 
materials with permeabilities from less than 100 gauss per 
oersted to over 1,000,000 and coercive forces ranging upward 
from less than 0.006 oersted (1/100 of the earth’s field). 

Measuring unit is a null-seeking photoelectric flux meter, 
basic circuit in Fig. 21, used to detect the change in flux 
linkage with respect to applied field of the material sample. 
Voltage induced in the search coil causes a galvanometer 
deflection that alters the divison of light between two photo- 
tubes. This causes a change in amplifier output toan RC circuit 
that tends to bring the galvanometer back in balance. With 
sufficient current flowing in or out of the capacitor for the 
voltage across the resistor to cancel the search-coil voltage, 
the voltage change (AV) across the capacitor is a measure 
of the flux change (Ad) according to the relation 

NAd = RCAV x 108 


This voltage change is then integrated, with respect to change 
WESTON OSCILLOSCOPE in applied field, by an amplidyne-controlled 10-my full-scale 
e identical vertical and horizontal amplifiers, 
D-C and A-C coupled. 
4.5 mc band width (for color) 
15 mv sensitivity 
normal or flat faced tubes (high intensity) 
Z-axis modulation 


‘ee 6 6) 


Weal on Uscill 


i 


mattis iil a 


ei. 

ce 

TAKS 
8 


3X horizontal sweep expansion 
identical phase shift to 1 mc—can be 
adjusted up to 6 mc 

etched circuit construction 

ease of calibration 

polarity reversal switch 


e only $395.50 (with flat faced tube $430.50) 


WESTON Oscilloscopes, and other Weston test equipment, 
are available through local distributors. For complete infor- 
mation, write Weston Electrical Instrument Corp., Newark 
12, N.J.—A subsidiary of Daystrom, Incorporated. 


war Fig. 20—D-e hysteresigraph with (top to bottom) X-Y millivolt 


recorder, controls, amplidyne unit, power supplies and flux 
meter circuitry—the latter surrounded by felt and mounted on 
heavy mass. (G. E General Engineering Laboratory photo) 
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or METALS 
are often better than one... 


and 
GENERAL PLATE Clad metals 


for electronic uses are a case in point 


Consider General Plate ALIRON®, ALNIFER®, and 
NIFER®, all preferred materials for vacuum tube plates. 
Offering improved performance with attractive cost savings, 
these General Plate Clad Metals are supplied in annealed 
coils ready to feed through your production tools. They form 
beautifully, conserving critical materials and producing 
more parts per pound. ALIRON and ALNIFER require 
no carbonizing — the matte finished aluminum blackens 
evenly during bombardment to provide a highly efficient 
radiating surface. For full details, write for Technical 
Data Bulletin 717C. 


Or consider General Plate TIN CLAD NICKEL. Here’s 
an improved material for transistor cradle supports. 

The layer of pure tin is unvarying in thickness and is 
bonded to a pure electronic grade nickel backing so 
completely that voids and contaminating inclusions are 
eliminated. This means perfect wetting during your 
transistor soldering operations — top transistor performance 
every time — lower soldering costs too! For full details, 
write for Technical Data Bulletin 708. 

Or look to General Plate COPPER CORED 52 ALLOY 
WIRE for better glass-to-metal seals. With a 30% copper 
core you'll get up to three times the electrical and thermal 
conductivity over solid lead wires of the same size — or you 
can cut your solid lead wire sizes correspondingly, without 
reducing electrical ratings by using General Plate Copper 
Cored 52 Alloy Wire, and take a big step toward miniatur- 
ization in sealed terminal blocks and hermetic headers. 
For full details, write for Technical Data Bulletin 706. 

To get the whole General Plate Clad Metal Story, write 
for our new general catalog, PR-700A, covering many 
other combinations in both base and precious clad metals 
— composite electrical contacts — TRUFLEX 
Thermostat Metals. 


Metals & Controls 
ua, =| Corporation 


ing General Plate 
we aioe GENERAL PLATE DIVISION 


1901 FOREST STREET, ATTLEBORO, MASS. 
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CONICAL 
dat LS 
STRIP CLOSER 


@ Effective 


. 


strips within ‘“e” of coils, 


components 
@ Convenient — hand type unit for produc- 
rele mea cela 
@ Compact — light weight, easy to handle 
@ Efficient — strips all kinds of 
film type insulation 


Bench models are available 
with conical brushes (at left) 
or with cylindrical brushes 
(shown above). 


IDEAL’s new TWIN-CONE wire strippers are compact, 
sturdy—truly precision-built production tools. They were 
designed to do a clean, efficient job of stripping fine wires 
on the highest speed production-line basis. The flexible 
shaft hand type unit is particularly adapted to all types of 
wire stripping at coil winding stations. All models are elec- 
trically powered—motors operate on 115-V. AC or DC 
current. 


LONG LIFE BRUSHES-Ideal strippers have long life, easily dressed. 
fibre glass brushes in conical or cylindrical shapes. 


FAST, SURE, POSITIVE—Quickly removes all types of film insula- 
tion from AWG 2325 to AWG 250 wires. Eliminates rejects due 
to broken leads. 


NEW EFFICIENCY—Ideal Twin-Cone strippers provide brighter, 
oxide-free wire surfaces for better, more positive contacts. 


TWO STYLES AVAILABLE-Take your choice between portable fiex- 
ible shaft hand-type units or bench-mounted models to suit the 
needs of your exact requirements. 


MAKE A FREE TRIAL TEST 


Send us a sample of your particular wire stripping problem. 
We'll make tests and send you our recommendations. No ob- 
ligations, of course! 


F eer eT te ee ae 


IDEAL INDUSTRIES, INC. 
1008 Park Avenue, Sycamore, Illinois 
Gentlemen: 

Kindly send us complete catalog data on Ideal Twin-Cone and 
Twin-Wheel production strippers 


Herewith a sample of our wire stripping needs, kindly send us 
your recommendations and data 


Name 


' 


Company 
Address 


City . Zone State 


| 


ee 
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Cathode 
follower 


Photo tubes 


Golvonometer 


recorder 
= 


Fig. 21—Basie cireuit diagram of phetoelectric flux meter. 
Galvanometer deflection causes feedback from phototubes to 
R-C circuit for null balancing; capacitor voltage change supplies 
signal to recorder. 


X-Y recorder. With special feedback intrinsic induction 
(B-H) will similarly be traced. Resistance and capacitance 
circuits can be switched to give 12 full-scale sensitivity 
ranges from 200 to 1,000,000 interlinkages. Figure 22 shows 
two types of hard-to-get curves possible with the new instru- 
ment. Flux meters and recorder can also be used separately 
to record magnetostriction vs flux density. etc. OOO 


Kilogausses 





600 500 400 300 200 100 
Oersteds 


1000 2000 3000 
Oersteds = 











Fig. 22—Typical traces from photoelectric flux meter of (A) 
minor hysteresis loops of a permanent magnet and (B) decreas- 
ing hysteresis loop of a permanent magnet being demagnetized 
by a decaying alternating field.* 


* See “Magnetizing and Demagnetizing Permanent 
MANUFACTURING, Sept. 1956. p. 116, for latter procedure 


Magnets ELecrnical 
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for colors“ st HEAT 


BH “115: 


SILICONE RUBBER-=F E 


oe _— 


Silicone rubber insulations are recoggffzed for fe 
resistance to degradation under heat. But when color 4 

many pigments react with the silicone to destroy the# a 

of the insulation. With BH “1151” Fibérglas* Silicéne : 
Elastomeric Sleeving you have color and positive product prgtection, 
Whether you use Natural (Offwhite), Red, Yellow, Blue, Green, 
Brown, Orange or Violet, the superior insulation 

benefits are the same. And, with tracer stripes available in all 

colors, 64 combinations are at your command. 


The precisely compounded coating of BH "1151" produces a Class ‘“H” 
sleeving that easily meets MIL-I-18057 specifications. It offers 
product protection through a continuous operation range of 

90°F. to 400°F., with no adverse effects from high spot soldering 
temperatures. The resiliency and strength of the sleeving permit 
expansion to cover irregularities and terminals, 
Send for data sheets and production testing samples 


of BH “1151”... testing is believing! 


BENTLEY, HARRIS MANUFACTURING COMPANY 
1201 Barclay Street 
CONSHOHOCKEN, PA, ¢ TELEPHONE: g 


BENTLEY, HARRIS/ 


* 


*BH Non-Fraying Fiberglas Sleevings are made by an exclusive 
Bentley, Harris process (U.S. Pat. Nos. 2393530; 2647296 and 
2647288). ‘‘Fiberglas” is Reg. T.M. of Owens-Corning Fiberglas Corp. 
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Guide to Buying 


MATERIALS @ METALS @ ELECTRICAL & MECHANICAL PARTS e@ EQUIPMENT e FINISHES 


Products made or services rendered by advertisers in ELECTRICAL MANUFACTURING which 
are used in the design, engineering and manufacture of electrically operated machines, appliances 
and equipment—a monthly service to readers and advertisers. Data may be secured from advertise- 
ments. Publisher will supply any additional information which is available—use postcards appearing 


just preceding back cover. 


ACTUATORS, BALL-SCREW 
Saginaw Steering Gear Div., 
Motors Corp., Saginaw, Mich. 
ACTUATORS, SERVO 


Moog Valve Co. Inc., 
East Aurora, N. Y. 


General 


Proner Airport, 


Alcoa Bidg., 
Pittsburgh 19. Pa. 

Bakelite Co., A Div. 

Lexington Ave., New 

Durez Plastics Div., 

Houghton Laboratories, Inc., 140 Houghton 
7800 Woodlawn Ave., Chicago 19, Til. 
Paul 6, Minn. 

Pittsburgh 19, Pa. 

Revere Copper & Brass, Ine. 

Louisville 1, Ky. 


ADHESIVES 
Aluminum Co. of America, 
Armstrong Cork Co., 7001 Ingersol, Lan- 
easter, Pa. 
of Union Carbide & 
Carbon Corp., 
York 17, N. 
Hooker Electro- 
chemical Co., 1301 Walck Rd., N. 
Tonawanda, N. Y. 
Ave., Olean, N. Y. 
Johns-Manville Corp., Dutch Brand Div., 
Minnesota Mining & Mfg Co., Electrical 
Products Div., 900 Fauquier Ave., St. 
ALUMINUM. See also Castings. 
Aluminum Co. of America, Alcoa Bidg., 
Kaiser Aluminum and Chemical Sales. Inc., 
1924 Broadway, Oakland 12, Calif 
230 Park 
Ave., New York 17, N. 
Reynolds Metals Co., 2500 8S. Third, 
AMMETERS See Instruments. 


AMPLIFIERS, ELECTRONIC 


Aerovoxr Corp., New Bedford, Mass. 
Bristol Co., Waterbury 20, Conn. 
Doelcam, Div. of Minneapolis- Honeywell, 
Soldiers Field Rd., Boston 35. Mass. 
General Electric Co., Apparatus Sales Div., 
1 River Rd., Schenectady 5, N. Y. 
Gu'ton Mfg. Corp., Gulton Industries, 
Inc., 212 Durham Ave., Metuchen, N. J. 
Leach Relay Div., Leach Corp., 5915 
Avalon Bivd., Los Angeles 3, Calif. 
Librascope, Inc., 808 Western Ave., Glen- 
dale 1, Calif. 
Magnetic Amplifiers, 632 Tinton 
Ave., New York 55. N. Y. 
Magnetics. Inc.. Dept EM-33, Butler, Pa. 
Nothelfer Winding Laboratories, 111 Albe- 
marie Avre., Trenton 8 N. J. 
Sanborn Co., Industrial Div., 39 
Ave., Cambridge 39, Mass. 
Servospeed Co., Div. of Electro-Devices, 
Inc., 4 Godwin Ave., Paterson 1, N. J. 
Southwestern Industrial Electronics Co., 
2831 Post Oak Rd, P.O. Box 13058, 


Houston, Texas. 
Transicoil Corp., Germantown Pike & 
Fairview Village, Pa. 


Quarrvball Rd.. 

United Transformer Co., 150 Varick, New 
York 13, N. Y 

Westinghouse Electric Corp.. Gateway Cen- 
ter Bldg. No. 3, 401 Liberty Ave., Pitts- 
burgh 30 Pa. 

Weston Electrical Instrument Corp., A sub. 


of Daystrom, Inc., 614 Frelinghuysen 
Ave.. Newark 5, N. J. 


Inc., 


(sborn 


ANODES, PLATING 


American Brass Co.. Waterbury 20, Conn. 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J 

Seer * Co., 113 Astor, 


Cigee Brass & Copper Co., Waterbury 20. 

Conn. 

du Pont de Nemours & Co., 
a Dept., 

ie 

General Plate Div., Metals and Controls 
Corp., 1901 Forest, Attleboro, Mass 

Handy & Harman, 82 Fulton, York 
38. N. Y. (Silver, Gold) 

Hussey & Co., C. G., Pittsburgh 19, Pa 

Revere Copper & Brass. Inc., 230 Park 
Ave., New York 17, N.Y. 

Seymour Manufacturing Co., 
Conn. 


Inc., Newark 5, 


(Inc.) E. I 
Wilmington 98, 


New 


Seymour, 


ASBESTOS SLEEVING. See Sleeving and 
Tape, Asbestos. 


AUTOMATION EQUIPMENT 
Stromberg-Carison, A Div. of 
Dynamics Corp., 117 
Rochester 3, N. Y. 


Genera) 
Carison Rd., 


320 


BALANCING MACHINES 

General Electric Co., gee Sales Dtv., 
Schenectady 5, N. 

Micro Balancing, Inc., Herricks Rd. 
Garden City Park, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 


ter, Bidg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


BALLS, BEARING 

SKF Industries, Inc., 
Pa. 

BATTERIES, DRY 


Maliory & Co., Inc., P. R. 
6. Ind 


Radio Corp. of America, Tube Div., 
tison, N. J. 


Philadelphia 32, 


Indianapolis 
Har- 


BATTERY ELIMINATORS. See Power 
Supply Units; Rectifiers. 
BEARINGS, BABBITT 


aye & Son, Inc. Joseph T., Chicago 


BEARINGS, BALL (Miniature) 

New Departure Div. of General 
Corp., Bristol. Conn. 

New a Bearings, Inc., Peter- 


borough, N 
U. 8S. Gasket Co., Camden 1, N. J. 


Motors 


BEARINGS. BALL and ROLLER 
(Radial and Thrust) 
Kleiner Metal Specialties, Inc., P.O. Box 
185, Dunellen, N. J. 
New Departure Div. of General 
Conn. 
30th & 


Corp.. Bristol 
Nice Ball Bearing Co., 

Park Ave.. Philadelphia 40. 
SKF Industries, Inc.. 
Torrington Co., 401 

Conn. (Needle) 


Motors 


Hunting 

Pa 

Philadelphia 32. 
Field, 


Pa 
Torrington, 


BEARINGS and BUSHINGS. 
LUBRICANT-RETAINING 
Amplex Div. of Chrysler Corp., 

31. Mich. 
Graphite Metalizing Corp.. 1059 Nepper- 
han Ave., Yonkers 3, N. Y. (Oilless 


Self-lubricating) 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Til 

United States Graphite Co., 1621 Holland. 
Saginaw. Mich 

Yale & Towne Manufacturing 


dered Metal Products Div 
mont Ave., Franklin Park, Ill 


Detroit 


Co., Pow- 
9335 Bel- 


BEARINGS and BUSHINGS, METAL 
(Brass, Bronze, Steel Ete.) 


Amplex Div. of Chrysler Corp., 
31. Mich. 

Chase Brass & Copper Co., 
Conn 

Mallory & Co., 
6. Ind. 

United States Graphite Co., 1621 Holland, 
Saginaw. Mich 

Yale & Towne Manufacturing Co., Pow 
dered Metal Producti Div., 9335 Bel 
mont Ave., Franklin Park, Il 


Detroit 
Waterbury 20. 
P. B.. 


Inc., Indianapolis 


BEARINGS and BUSHINGS, 
NON-METALLIC 


General Electric Co., Chemical 
Plastics Ave., Pittsfield, Mass 

National Vulcanized Fibre Co., Wilming- 
ton 99. Del 

Radio Cores, 9540 Tulley Ave., Oak 
Lawn, Ill 

icharGeen Co., 2799 Lake, Melrose Park. 

Ryerson & Son, Inc., Joseph T., Chicago 

Spaulding Fibre Co., Ine., Tonawanda, 

Westinghouse Electric 
Center Bldg. No. 8, 
Pittsburgh 30, Pa. 


Div., 1 


Inc., 


Corp.. Gateway 
401 Liberty Ave., 


BELLS 


Stromberg-Carlson, A 
Dynamics Corp., 
Rochester 3, N. Y. 

Wheelock Signals, Inc., 273 
Ave., Long Branch, N. J. 


BELT DRIVES. See Drives, Belt. 


Div. 
117 


of Genera! 
Carlson Réd., 


Branchport 


BENDERS, BRAKE and SHEARS 


Richards Co., J. A., 906 N. Pitcher, 
Kalamazoo 13F, Mich. 
ae & Son, Inc., Joseph T., Chicago 8, 


BERYLLIUM COPPER (Rod, Strip, Tube, 
Wire) 


Mallory & Co., 


Inc., P. R., Indianapolis 
6. Ind. 


Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. ((Strip) 

Riverside Metal Co., Div. H. K. Porter 
Co., Inc., Riverside, N. J. 


BIMETALS. See Thermostatic Bimetals. 


BITS, SCREW and BOLT. See Socket 
Screw Keys and Wrenches. 

BLADES, FAN 

Torrington Manufacturing Co., Torrington. 
Conn. 

BLOCKS, PILLOW 

SKF Industries, Inc., Philadelphia 32, Pa. 


BLOCKS, TERMINAL. See Strips, Blocks 
and Boards, Terminal. 


BLOWERS. See Fans and Blowers 
BOLTS. See Fasteners. 
BOXES and CRATES, WIREBOUND. See 


also Containers, Packaging and Shipping. 


Rathborne. Hair and Ridgway Box Co., 
1440 W. 2ist Place, Chicago 8, Ill. 


BOXES METAL. See Sheet Metal Fabri- 
cators. 


BRAKES, BENDING. See Benders 
and Shears. 


. Brake 


BRAKES, MAGNETIC 

Eaton Mfg. Co., Dynamatic Div., 
osha, Wis. 

Stearns Electric Corp., 
Milwaukee 2, Wis. 


Ken- 
120 N. Broadway, 


BRASS, BRONZE and COPPER (All 
Commercial Forms) For Wire, see Wire 
and Cable, Bare. 


American Brast Company, Waterbury 20. 
Conn. (Also Tobin Bronze, Chromium 
Copper and Selenium ceoee Alloys) 

American Nickeloid Co., Peru 3, Ill. (Pre- 
— Brass and Copper Sheet and 
Strip) 

Chase Brass & Copper Co., Waterbury 20, 
Conn 

Driver Co., Wilbur B., 150 Riverside Ave., 
Newark 4, N. J. 

Hussey & Co, C. G., Pittsburgh 19, Pa. 

Iisco Corp., 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio (Copper Tubing) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Somers Brass Co., Inc., 110 Baldwin Ave., 
Waterbury, Conn. (Strip) 


BRAZING ALLOYS, SILVER 


American Platinum Works, 231 New Jersey 
ee Ave., Newark 5, N. J. 
oe & Co, Inc., 113 Astor, Newark 5, 


J. 
Chase Brass & Copper Co., Waterbury 20, 
onn 
General Plate Div., Metals and Controls 
Corp., 1912 Forest, Attleboro, Mass. 
Handy Rn _ ge 82 Fulton, New York 


38 
P. R., 


Mallory & Co., Inc., 
P.O. Box 990, 


Indianapolis 

6, Ind. 

Ney Co., J. M., 
Conn. 


Hartford 1 


BRONZE. See Brass, Bronze and Copper; 
Phosphor Bronze. 


BRUSH CAPS 

Phoenix Electric Mfg. Co., 
Chicago 24, 1. 

Triple “M_ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Ill 


4211 W. Lake. 


BRUSHES: CARBON, GRAPHITE, 
METAL-GRAPHITE 


Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 3, N. Y. 

Speer Carbon Co., St. Marys, Pa. 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland 
Saginaw, Mich. 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. ne 

Wilson Co.. H, A., Route 22, Union, N. J 


BRUSH HOLDERS. See Holders. 
Commutator Brush. 


BUSHINGS 
Bearing. See Bearings and Bushings 

Composition. See Plastics-Molders. 

Fibre. See Fibre, Vulcanized. 

Glass. See Glass, Technical. 

Hermetic Seal. See Seals and Terminals 
Hermetic. 

Mica. See Mica. 

Porcelain. See Ceramics. 

Rubber. See Rubber and Rubber Prod 
ucts. 


CABINETS, SHEET METAL. See Sheet 
Metal Fabricators. 


CABLE. See Wire and Cable 


CABLE ASSEMBLIES and HARNESSES 
See Harnesses and Assemblies, Wire 


CALCULATORS 


Friden Calculating Machine Co., 
Dept. EM-856, San Leandro, Calif 


Inc... 


CAMBRIC, VARNISHED. See Fabrice. 
Insulating. 


New 


Inc., 212 


CAPACITORS 

Aerovox Corp., New Bedford, Mass. 

AMP Incorporated Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. 

——, Corp., 255 Grant Ave., Newark 8, 
Se Oe 

Centralab, Div. of Globe-Union, Inc., 
926A E. Keefe Ave., Milwaukee 1, Wis. 

Cornell-Dubilier _ Electric Corp., Soutl 
Plainfield, N. J. 

Eitel-McCullough, Ine., San Bruno. Calif 

Erie Resistor Corp., Electronics Div., Erie 
Va 

Fansteel Metallurgical Corp., North Chi 
cago, Ill. (Tantalum) 

Film Capacitors, Inc., 3400 Park Ave., 
York 56, N. Y. 

General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. 

Glenco Corp., Gulton Industries. 
Durham Ave., Metuchen, N. J. 

nr Co., 340 West Huron, Chicago 
10, . 

Tilinois Condenser Co., 1616 N. Throop. 
Chicago 22, TIL 

Johnson Co., E. F.. 2331 Serond Ave 
&. W., Waseca, Minn. 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind. 

Master Appliance Mfg. Co.. Racine 2, Wis 

Plastic Capacitors. Inc., 2620 N. Clybourn 
Ave., Chicago 14, TIL 

Potter Co.. 1950 Sheridan Rd., North Chi 
cago, Til. 

Stackpole Carbon Co., St. Marys, Pa. 

Texas Instruments Incorporated, 6000 Lem 
mon Ave., Dallas 9. Texas. 

WacLine, Inc., 35 8. St. Clair, 

Ohio 


Dayton 2. 


CARBON and 
Electrodes, 
Piles, 
ete.) 


Erie Resistor Corp., Electronics Div., 


GRAPHITE: 
Anodes, 
Plates, 


(Contacts. 
Bearings, Dises. 
Plungers, Rings, Seals, 


Erie, 


Pa. 
General Ceramics Corp., Keasbey, N. J 


Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers 3, N. Y. 

Speer Carbon Co., St. Marys, 

Stackpole Carbon Co., St. 

United States Graphite Co., 
Saginaw, Mich. 


Pa 
Marys. 
1621 


Pa 
Holland 


CASTINGS. ALUMINUM and 
MAGNESIUM. See also Castings, Die 


Advance Tool and Die Casting Co., 3760 N 
Holton, Milwaukee 12, Wis. 

Aluminum Co. of America, Alcoa Bldg 
Pittsburgh 19, Pa. 

Twin City Die Casting Co., 33rd & Tal 
mage Ave., 8.E., Minneapolis, Minn. 


CASTINGS, BRASS, BRONZE, COPPER 


Philadelphia Bronze & Brass Corp., Sub 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 


CASTINGS, DIE. 


Advance Tool and Die Casting Co., 3760 N 
Holton, Milwaukee 12, Wis. 

Aluminum Co. of America, Alcoa Bldg 
Pittsburgh 19, Pa. 

Doehler-Jarvis Div. of National Lead Co. 
Toledo 1, Ohio 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. (Zinc) 

Laminations Co.. Box 13, 300 Main, Stam 
ford, Conn. 

Madison-Kipp Corp., 201 Waubesa, Madi 
son 4, Wis 

Mt. Vernon Die Casting Corp., 
Conn 

New Jersey Zine Co. 
York 38, N. Y. 
loys) 

Paramount Die Casting Co., St. Joseph 17 
Mick. 


Stamford 


. 160 Front, New 
(Zine Die Casting Al 
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In BOBBIN CORES, you nee 


d PRECISION 


Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
reducing mill, beta-ray controlled. 


While for BULLETIN TC-108 


“TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS” 


Includes essential data on applications and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 


ADDRESS DEPT. EM-71 


READER INQUIRY SERVICE CARDS, PRECEDING 


COCO OE OOS EESOSEEEE SEES SEES OSES OSES OEOSOOOOOHEESHOSHOOOSOe 


BACK 


For use in shift registers, coincident 
cufrent matrix systems, pulse trans- 
formers, static magnetic memory ele- 
ments, harmonic generators and simi- 
lar equipment, Arnold Bobbin Cores 
meet the most exacting requirements. 
Quality and uniformity? You'll find 
them no problem—because, as a fully 
integrated producer with highly mod- 
ern facilities, we're able to maintain 
close control over every step. 
Arnold Bobbin Cores are available 
in a wide range of sizes, tape thick- 
nesses, widths and number of wraps 
depending on the ultimate use of the 
core. Magnetic materials usually em- 


geese eaeaceg 


COVER 


ployed are Deltamax, Permalloy and 
Supermalloy, in standard thicknesses 
of .001’’, .0005’’, and .00025’’. Core 
properties include quite rectangular 
hysteresis loops, relatively low co- 
ercive values and high saturation 
densities, plus the ability to shift in 
a few microseconds from negative 
remanence to positive saturation, and 
vice versa, under conditions of pulse 
excitation. ® Let Arnold supply your 
requirements for Bobbin Cores—or 
other tape-wound cores, powder 
cores, permanent magnets, etc.—from 
the most complete line of magnetic 
materials in the industry. 


68 sore mes 


wsw 6399 





EXTERNAL THREAD? 
with insert 
molded in 


INTERNAL THREAD? 


with insert 
molded in 4 


MOLDED THREADS? 


on holders 
and caps 


BRUSH CAPS TO FIT? 


Internal or 
External Thread 


Many 
Stock Sizes 


MOLDED COMMUTATORS? 


with or 
without prongs 


or segmented 


Complete Range 
of Stock Sizes 


@ e GURNEE 
‘eat 9% 
ILLINOIS 
AND MANUFACTURING COMPANY 


Chicago Phone: Dickens 2-0777 


Long Distance: ONtario 2-1320 


PLASTICS . Troo.inc - COMPRESSION * INJECTION 


322 


Stewart Die Castin A Div. of Stewari 
Warner Corp., 35 W. Fullerton Ave., 
Chicago 39, Ill 

Twin City Die Casting Co., 38rd & Tal 
mage Ave., 8.E., Minneapolis, Minn. 


CASTINGS, INVESTMENT 


Allis-Chalmers, Milwaukee 1, Wis 
International Nickel Co., Inc., 67 Wall, 
New York 5, N. Y. (Nickel and Alloys) 


CASTINGS, LEAD 
Twin City Die Casting Co., 33rd & Tal- 
mage Ave., 8.E., Minneapolis, Minn. 


CATHODE RAY TUBES. See 
Cathode Ray. 


Tubes 


CEMENT, INSULATING and SEALING 


Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. Y. 

Communication Products Co., Inc., 
boro (Monmouth County), N. J. 
du Pont de Nemours & Co., (Inc.), E. L., 
Finishes Dept., Wilmington 98, Del. 
Durez Plastics Div., Hooker Electrochem- 
ical Co., 1301 Walek Rd., N. Tona 

wanda, N. Y. 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass 

Johns-Manville Corp., Dutch Brand Div. 
7800 Woodlawn Ave., Chicago 19, Il 

Zophar Mills, ee 112-130 26th, Brook- 


lyn 32, N 


Mar!- 


CERAMICS 


Standard & Special Electrica) 
Porcelain (low-volt) (B) 
Refractory Porcelain (B) 
High-voltage Porcelain (C) 
Cordierite (D) 
Zircon Porcelain (E) 
Steatite (Lava) (F) 
Titanates (G) 
Cement- Asbestos (H) 
Ferrites (1) 


Akron Porcelain Co., 2725 Cory Ave., 
Akron 14, Ohio (AB) 

Jn ae Corp., Chattanooga 5, Tenn. 
( CFG) 

Brush Electronics Corp., 3405 Perkins 
Ave., Cleveland 14, Ohio (G) 

Centralah Dir. of Globe-Tnton, Ine... 
a E. Keefe Ave., Milwaukee 1, Wis 
(BF) 

Ceramic Specialties Co., 444 W. 6th, Kast 
Liverpool, Ohio (ABCF) 

Colonial Insulator Co., 937 Grant, Akron 

: 11, oe i a 

yenera eramics Corp., Keasbey, N. J 
(BEFI) . om 

Knox_Porcelain Corp., Knoxville 1, Tenn 
(ABC) 

Mycalex Corp. of America, Clifton Blvd., 
_Clifton, N. Bonded Mica) 


.. New York Ave. 
Plum, Trenton 5, N. J. (ABF) 
Pass & Seymour, Inc.. Solvay Station, 
Syracuse 9, N. Y. (AF) 
Porcelain Products, Inc., West Sandusky, 
Findlay, Ohio 
eR Co., 2799 Lake, Melrose Park, 
Nostone Corp., Lafayette, Ind. 
Square D Co., 6060 Rivard, Detroit 11, 
Mich. (A) 
Stackpole Carbon Co., St. Marys, Pa 
Star Porcelain Co.. 41 Muirhead Ave., 
Trenton 9, N. J. (BF) 
Universal Clay Products Co., 1540 E. 
First, Sandusky, Ohio (A) 
Wisconsin Porcelain Co., 115 Market, Sun 
Prairie, Wis. (ABF) 


CHAMBERS, TEST 


American Research Corp., 11 Brook, Bris- 
tol, Conn. 


CHARGERS, BATTERY 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


CHARGERS, MAGNET. See Magnetizers 
and Demagnetizers 


CHOPPERS, ELECTRONIC 


Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. 


CIRCUIT BREAKERS 


Allen-Bradley Co., 1316 S 
waukee 4, Wis. 
Allis-Chalmers, Milwaukee 1, Wis. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

Fasco Industries, Inc., Rochester 2, N. Y¥ 

General Electric Co., Apparatus Sales Div 
Schenectady 5. N. Y¥. 

Dance Electric Co., 99 Plum, Tren- 
ton : 

Mechanical Products, Inc., Jackson, Mich 

Pyle-National Co., 1388 N. Kostner Ave 
Chicago 51, Tl 

Spencer Thermostat Div.. Metals & Con 
trols Corp., 3612 Forest, Attleboro, Mass 

Square D Co., 4041 N. Richards, Milwau- 
kee 12. Wis. 

Westinghouse Electric Corp Gateway 
Center Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Second, Mil- 


CIRCUIT STRUCTURES, ELECTRONIC 


Vector Electronic Co., 3552 San Fernando 
Rd., Los Angeles 65, Calif. 


CIRCUITS, ETCHED, PRINTED, ETC. 


Aerovox Corp., New Bedford, Mass 
Alden Products Co., 117 N. Main, Brock- 
ton, Mass 


American Lava Corp., Chattanooga 5, Tenn 
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Centralab Div. of Globe-Unien, ine 
926A E. Keefe Ave., Milwaukee 1, Wis 

Krie Kesistor Corp., Electronics Div., Erie 
Pa. 

Mycalex Corp. of America, Clifton Blva 
Clifton, N. J. 

Radio Corp. of Tube Div 
Harrison, N. J 

U. 8S. Gasket Co 


America, 


Camden 1, N. J 


CLAMPS 
TEST 


Burndy 
Conn, 
Iisco Corp., 5745 Mariemont Ave., Cin 


cinnati 27, Ohio 
Mueller Electric Co., 1550W E. Sist 
28 Butler 


and CLIPS, GROUND ane 


Corp., Omaton Div., Norwalk 


Cleveland 14, Ohio 
Thomas & Betts Co., Inc., 
Elizabeth 1, N. J. 


CLAMPS and CLIPS, SUPPORT 


Holub Industries, Inc., 445 Elm, Sycs 
more, IL 

Weckesser Co., 5256 N. Avondale Ave 
Chicago 30, Il. 


CLEANING COMPOUNDS, METAL 


Zophar Mills, Ine., 112-180 26th, Brook 
lyn 32, N. Y. 


CLIPS, SNAP. See Rings, Retainer and 
Snap. 


CLOTH, INSULATING. See Fabrics, Is 
sulating. 


CLOTH TRACING. See Tracing Clotn 
Film and Paper. 


CLUTCHES 


Eaton Mfg. Co., Dynamatie Div., Ken 
osha, Wis. (Magnetic) 
Formsprag P- 23605 Hoover Rd, Van 


Stearns Electric Corp., 120 N. Broadway 
Milwaukee 2, Wis. (Magnetic) 


COAXIAL CABLE. See Wire and Cable. 
Insulated, 


COIL CORES and FORMS 
Alden Products Co., 117 N. Main, Breck 


ton, Mass. 
American Lava Chattanooga 5 
458 Con 


Tenn. 

Cambridge Thermionic Corp., 
cord Ave., Cambridge 38, Mass. 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13, Del. 

Cosmo Plastics Co., 3239 W. 14th, Cleve 
land 9, Ohio 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Hycor Div. of International Resistance Co 
12970 Bradley Ave., Sylmar 10, Calif. 

Mycalex Corp. of America, Clifton Blvd 
Clifton, N. J. 

National Vulcanized Fibre Co., Wilming 
ton 99, Del. 

Paramount Paper Tube Co., 612 Lafay 
ette, Fort Wayne 2, Ind. 

Precision Paper Tube Co., 20385 W 
Charleston, Chicago 47, Ill. 

Radio Cores, Inc., 9540 Tulley Ave., Oak 
Lawn, Ill. 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park 
Chicago 45, IL 

Stackpole Carbon Co., St. 
(Screw-type, Molded Iron) 

U. 8S. Gasket Co., Camden 1, N. J. 


Corp., 


Marys, Ps 


COILS and WINDINGS 


Acme Wire Co., 1255 Dixwell Ave., New 
Haven 14, Conn. 

Caledonia Electronics & Transformer Corp 
Dept. EM-11, Caledonia, N. Y. 

Cambridge Thermionic Corp., 453 Concord 
Ave., Cambridge 38, Mass. 

Comar Electric Co., 8349 W. Addison 
Chicago 18, IIL 

Coto-Coil Co., Ine., 63 Pavilion Ave. 
Providence 5, R. I. 

Dano Electric Co., 93 Main, Winsted, Conn 

ogee Coils, Inc., 1300 First, Wabash. 
nd. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Master Appliance Mfg. Co., Racine 2, Wis 

Nothelfer Winding Laboratories, 111 Albe 
marie Ave., Trenton 8, N. J. 

Radio Corp. of America, Tube Div., Har 
rison, N. J. 

Supreme Transformer Co., Sub 
Electric Corp., 4308 W 
cago 39, Ill 

Ther Electric & Machine Works, 11A 8S 
Jefferson, Chicago 6. Til 

Universal Manufacturing Co., Inc 
Hillside Ave., Hillside, N. J. 


of Oxford 
Armitage, Chi 


418 


COIL WINDING MACHINES 


Boesch Manufacturing Co., Inc., Danbury 
Conn. 

Coil Winding Equipment Co., 
mae 

Rex Rheostat Co., Baldwin. N. Y. 

Stevens Mfg. Co., Inc., George, 6022 N 
Rogers Ave., Chicago 30, Ill. 
Universal Manufacturing Co., Inc., 418 
Hillside Ave., Hillside,.N. J. 

lnivereal Winding Co., P.O. Box 1605 
Providence 1. R. I. 


Oyster Bay 
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TO REPLACE A RIVET Rollipin’s spring 
action firmly fastened radio transformer 
laminations in place and did two things a 
rivet couldn’t do—aligned the laminations 
and compensated for minor hole variations. 


Where can you use this 
simple fastener? 


If you use locating dowels, hinge pins, rivets, set screws 
—or straight, knurled, tapered or cotter type pins, Rollpin 
offers the opportunity of a better method that can cut 
assembly and maintenance costs. This slotted tubular steel 
pin with chamfered ends eliminates special machining, 
tapping, and the need for precision tolerances. Driven into 
a hole drilled to normal production standards, it locks 
securely in place, yet can 
readily be drifted out and 
reused whenever necessary. 


ELASTIC STOP NUT CORPORATION 
OF AMERICA 


pol 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


TO REPLACE A STOP PIN 
Rollpin’s self-locking action elimi- 
nated staking or peening opera- 
tions required to retain a straight 
solid pin. 


in 


TO REPLACE A DRIVING PIN for a flexible drive shaft on a washing 


3 Better Methods 
with ROLLPIN 


TO REPLACE A SET SCREW on 
automobile brake handle, Rollpin 
is self-retained in the hand grip 
but can easily be driven into over- 
drilled hole in shaft to free han- 
dle, then removed and used 
again. 


machine, Rollpin cut assembly costs by eliminating precision drilling 


and reaming 


-—-—- MAIL COUPON FOR DESIGN INFORMATION — — — - 


Elastic Stop Nut Corporation of America 


Dept. R37-122 


2330 Vauxhall Road, Union, N. J. 


Please send the following free fastener information: 


() Rollpin somples 


[] Here is a drawing of our product. 


| 

I 

| 

| 

| 

| [] Rollpin bulletin What self-locking fastener would 
you suggest? 
| 

| 

I 

| 

| 
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Te gate YT LT 
assures Maximum Stability in 


AMPERITE 


RELAYS and REGULATORS 


TU SiMe CMG Teme UC a Sen tr tel 


Thermostatic 


DELAY RELAYS 


2 to 180 Seconds 


e@ Actuated by a heater, they 
operate on AC., D.C., or 
Pulsating Current. 


Hermetically sealed Not af- 
fected by altitude, moisture, 
or other climate changes. 


Circuits SPST only — nor 
mally open or normally 
closed. 


Amperite Thermostatic Delay 
Relays are compensated for 
ambient temperature changes 
from —55° to +70°C. Heaters 
consume approximately 2 W. and may be 
operated continuously. The units are most 
compact, rugged, explosion-proof, long- 
lived, and — very inexpensive! 

TYPES: Standard Radio Octal, and 9-Pin 
Miniature. 


MINIATURE 


STANDARD 


PROBLEM? Send for 
Bulletin No. TR-81 


Also — Amperite Differential Relays: Used for auto. 
matic overload, under voltage or under-current protection. 


BALLAST REGULATORS 


Amperite Regulators are designed to keep the current in a circuit 

automatically regulated at a definite value (for example, 0.5 amp.) 

. For currents of 60 ma. to 5 amps. Operate on A.C. D.C.,. Pul- 
sating Current. 


Hermetically sealed, they are not 
affected by changes in altitude, 
ambient temperature (— 55° to 
+90° C.), or humidity. Rugged, 
light, compact, most inexpensive. 


VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY 6 CHARGER | VOLTAGE VARIES 
VARIES APPROX , ONLY 


90% | 


Ts 
Write for 4-page Bulletin No. AB-51 


AMPERITE CO., Inc. 
$61 Broadway, New York 12, N.Y 
Telephone: CAnal 6-1446 


In Canada: Atlas Radio Corp., Ltd. 
50 Wingold Avenue, Toronto 10, Ontario 


BATTERY VOLTAGE 


Individual inspection 
and double-checking 
assures top quality 

of Amperite products 


COLD HEADED PARTS. See Fastene:s 


COMMUTATORS 


Eieciru Tee Corp 4 
llavkensack, N. J 
Kicxwood Commutator Co., 4855 W. 130th 

Cleveland 11, Ohio 

Nippert Electric Products Co. 
Mound, Columbus 23, Ohio 
Yoledo Commutator Co., South Chestnut 
Owosso, Mich 

Triple ‘“‘M'’ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Ill 

Westinghouse Electric Corp., Gateway Ce 
ter Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 


Romanelli, South 


1759 W 


COMMUTATOR SAWS and SLOTTERS 


Holub Industries, Inc., 445 Elm, Syca 
more, Ill 

Ideal Industries, Inc., 1008 Wark Ave 
Sycamore, I!) 


COMPARATORS, OPTICAL 
Kastman Kodak Co., Rochester 4, N. Y 


COMPOUNDS, SEALING. 
Insulating and Sealing 
Compounds 


See Cement 
also Waxes and 


COMPOUNDS, VARNISH. See Varnishes 
Compounds and Resins, Insulating 


COMPUTER COMPONENTS 


Airpax Products Co., Middle River, Balti 
more 20, Md 

Computer Control Co Inc., 92 Broad, 
Wellesley 57, Mass 

Doelcam, Div. of Minneapolis-Hon:cywell 
Soldiers Field Rd., Boston 35, Mass 

Federal Telephone and Radio Co., Ds of 
International Telephone and Teleyraph 
Corp., 100 Kingsland Rd., Clifton, N. J 

Giannini & Co., Inc., G. M., Pasadena 1 
Calif 

Gulton Mfg. Corp., Gulton Industries 
Inc., 212 Durham Ave., Metuchen, S J 

Texas Instruments Incorporated, 6000 lem 
mon Ave., Dallas 9, Texas 


CONDENSERS. See Capacitors 


CONDUIT FITTINGS 
Appleton Electric Co. 1723 
Ave., Chicago 13, Il 

Buchanan Electrical Products Corp 225 
Rte. 22. Hillside, N. J 

Crouse-Hinds Co., Syracuse 1, N. Y 

I’vie-National Co., 1388 N. Kostner Ave 
Chicago 51, Tl. 


Wellington 


CONNECTORS, PRINTED CIRCUIT 


Amphenol Electronics Corp., 1830 8S. 54th 
Ave Chicago 50, Ill 
Bugegie, Inc., H. H., P.O. Box 817, Mill 


bury, Ohio 


CONNECTORS, WIRE and CABLE 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa 

Alden Products Co., 117 N. Main, Brock 
ton, Mass 

American Brass Co., Waterbury 20, Conn 
Amphenol Electronics Corp., 1830 S. 54th 
Ave., Chicago 50, Il. 

Bendix Aviation Corp., Scintilla Div., Sid 
ney, N. Y. 

Buchanan Electrical Products Corp., 225 
Rte. 22, Hillside, N. J 

Burndy Corp., Omaton Div., 


Conn 
Cannon Electric Co., Dept 500, 3209 
Los Angeles 31, Calif 


Norwalk, 


Humboldt 
Crouse-Hinds Co., Syracuse 1, N. Y 
General Electric Co., Construction Mate 

rials Div., Bridgeport 2, Conn 
Guiton Mfg. Corp., Gulton Industries 

Inc., 212 Durham Ave., Metuchen, N. J 
Holub Industries, Inc., 445 Elm, Syca- 

more, Ill. 

Hubbell, Inc., Harvey, Bridgeport, Conn 
Ideal Industries, Inc., 1008 Park Ave 

Sycamore, Ill 
Iiseco Corp., 5745 Mariemont Ave., Cin- 

cinnati 27, Ohio 
Johns-Manville Corp., Dutch Brand Div., 

7800 Woodlawn Ave., Chicago 19, II. 
Johnson Co., E. F., 2331 Second Ave., 

S.W.. Waseca. Minn 
Krueger & Hudepohl, 1041 Evans, Cin- 

cinnati 4, Ohio 
Mandex Manufacturing Co., 2610 W. 16th, 

Chicago 8, Tl 
Pass & Seymour, Inc., 

Syracuse 9, N. Y. 
Pyle-National Co., 1388 N. Kostner Ave., 

Chicago 51, Tl. 
Switeheraft, Inc., 1328 N. 

eago 22, Ill 
Thomas & Betts Co., Inc., 

Elizabeth 1, N. J. 


Solvay Station 


Halsted, Chi- 
28 Butler, 


CONTACTORS, MAGNETIC. Sce Relays 
and Contactors, 


CONTACTS and CONTACT POINTS 

American Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. J. 

Baker ; Co., Inc., 113 Astor, Newark 5, 
N. 

Brainin Co.. C. S., 318 Washington, Mt. 
Vernon, N. Y¥ 


Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, IL 

Eitel-McCullough, Ine., San Bruno, Calif 

Fansteel Metallurgical Corp., North Chi 
cago. Ill. 

General Plate Div., Metals and Controls 
Corp., 1901 Forest, Attleboro, Mass. 
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Gibson Electric Co., 8349 Frankstown Ave., 
Vitisburgh 21, Pa. 2 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3 N. Y. 

Mallory & Co., Inc., P. R., 
6, Ind 

Mandex Manufacturing Co., Inc., 
16th, Chicago 8, Il 

Ney Co., J. M., P.O. Box 990, Hartford |, 
Conn. 

Stackpole Carbon Co., St. Marys, Pa 

Wilson Co.. H. A., Route 22, Union, N. J 


Indianapo!l. 
2610 W 


CONTACTS, CARBON. See Carbon anit 
Graphite 


CONTACTS, HEATER PLUG and TAP 
Heyman Mfg. Co., Kenilworth 1, N J 


CONTAINERS, PACKAGING and SHIP 
PING. See also Boxes and Crates, Wire 
bound 


Rathborne, Hair and Ridgway Box (« 
1440 W. 2ist Place, Chicago 8. Tl) 


CONTRACT MANUFACTURING 


Aluminum Goods Manufacturing ‘ 
Manitowoc, Wis 

Chase Brass & Copper Co., Waterbury 20 
Conn 

Elgin National Watch Co 
Elgin, Ill. 

General Mills Inc., Mechanical Div 
Dept. EM®, 1620 Central Ave., Minnea 
polis, Minn 

Kirk and Bium Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 

Master Appliance Mfg. Co., Racine 2, Wis 

Standard Tool & Mfg. Co., 238 Laurel 
Ave., Arlington, N. J 


Micronics Dis 


CONTROLLERS, MOTOR 


Allen-Bradley Co., 1316 8. 2nd, Milwa 
kee 4, Wis. 

Allis-Chalmers, Milwaukee 1, Wis 

Arrow-Hart & Hegeman Electric Co 
Iiawthorne, Hartford 6, Conn 

Bristol Co., Waterbury 20, Conn 

Clark Controller Co., 1146 E. i52nd 
Cleveland 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y¥ 

Federal Pacific Electric Co.. 50 Paris 
Newark 1, N. J. 

Furnas Electric Co., 
mn. 

General Electric Co., 
Div.. Schenectady 5, N 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn 

Monitor Controller, Rockland, Mass 

Servo-Tek Products Co., Inec., 1086 Goffle 
Rd., Hawthorne, N. J 

Square D Co., 4041 N. Richards, Milwau 
kee 12. Wis 

WacLine, Inc., 35 S. St. Clair 
2, Ohio 

Ward Leonard Electric Co., 
Mount Vernon, N. Y¥ 


1024 McKee, Batavia 


Apparatus Sales 
y 


Daytor 


600 South 


CONTROLLERS, POTENTIOMETER 


Bristol Co., Waterbury 20, Conn. 

Weston Electrical Instrument Corp 4 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J 

Wheelco Instruments Div., Barber-Colman 
Co., 1408 Rock, Rockford, Ill 


CONTROLS, FLOAT and LIQUID 
LEVEL. See Switches. 


CONTROLS, PRESSURE and TEMPER- 
ATURE. See also Relays, Switches 
Thermostats. 


Acro Manufacturing Co., 
Ohio 

Allen-Bradley Co., 1316 S. 2nd, Milwau 
kee 4, Wis. 

Assembly Products, Inc., 
Ohio 

Barber-Colman Co., Dept. A, 1403 Rock 
Rockford, Ill. 

Bourns Laboratories, P.O. Box 2112, River 
side, Calif. 

Bristol Co., Waterbury 20, Conn. 

Edison, Inc., Thomas A., Instrument Div 
Dept. 53, West Orange, N. J. 

Fenwal Inc.. 11 Pleasant, Ashland, Mass 
G-V Controls, Inc., 8 Hollywood Plaza 
East Orange, N. J. 
General Electric Co., 
Div., Schenectady 5, N ° 
General Thermostat Corp., 10 Albany Ave 

Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Mercoid Corp., 4201 Belmont Ave., Chi 
cago 41, Ill 

Robertshaw Thermostat Div., Robertshaw 
Fulton Controls Co., Youngwood, Pa. 

Spencer Thermostat Div., Metals & Con 
trols Corp., 3612 Forest Attleboro, Mass 

Square D Co., 4041 N. Richards, Milwau 
kee 12. Wis 

Thermo Electric Co.. Rochelle Park Post 
Office, Saddle Brook, N. J 

vie oo. George, 413 Market, Newark 
5, N. J. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, Inc., 614 Frelinghuy 
sen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 


Columbus 1¢ 


Chesterland 14 


pe Sales 


CONTROLS, PUSH-PULL 


Arens Controls, 2017 Greenleaf 


Evanstor 
Il 
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Get help in designing or 


selecting insulating parts from 
the Design Manual .. . 


ELECTRICAL INSULATION 


AND DIELECTRICS 


PROBLEMS — APPLICATIONS — MATERIALS 


H ERE's a practical “work book” for engineers 
who need to keep pace with current technology 
in the swift moving field of electrical insulation 
and dielectric materials. 


The editors of ELecrricAL MANUFACTURING 
have assembled into this 130-page booklet, a 
selected group of articles dealing with the ap- 
plication of insulation and dielectrics in the de- 
sign and development of electrically energized 
products. Many of the articles include exhaus- 
tive, critical appraisal of property characteristics 
and application possibilities. 

The feature article content (with dates of 
original publication ), includes: 


Research Progress in Dielectrics (December 
1934): 

The Epoxy-Resin System for Embedded Cir- 
cuits and Components (April 1955); 

Arcing Performance of Plastics Insulation 
(April 1954); 

Dielectric Strength of Solid Insulation (May 
1954); 

Impact of High-Energy Radiation on Dielec- 
trics (June 1955); 

Deteriorating Influences on Dieletric Mate- 
rials (July 1954); 

Ferroelectric Dielectrics (July 1954); 

Applications for Gas and Liquid Insulation 
(June 1954); 

Glass-Premix Compounds for Molded Parts 
(March 1955); 

Filled Fluorocarbons—New Component Mate- 
rials (February 1955); 

Evaluating Dielectric Properties of Plastics 
Laminates (October 1954); 

Plastics Laminates Standards (November 
1954); 

Effects of Water Immersion and Humidity on 
Thermosetting Laminates (July 1955); 
Temperature Classification of Insulating Mate- 

rials (September 1954): 
European Developments in the Dielectric 
Field (August 1955). 


An annotated bibliography lists earlier articles 
containing design data that are still valid and 
applicable to current problems. 


e The Design Manual is in handy file size, 8% x 11 
inches and is attractively bound with a heavy paper 
cover. It includes each article in complete form with all 
original illustrations, tables and text. Single copy price 
is $3.00 on orders accompanied by remittance. Orders 
should be addressed to: The Gage Publishing Company, 
1250 Sixth Avenue, New York 20, N. Y. 
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Manufacturers of 














There’s no need for you to 
design cords for power tools, 
appliances or equipment. That's 
our business! We'll engineer the 
wire, type of attachment, and 
complete assembly. 


Or, you can choose from Royal 
stock molds for caps, connec- 
tors and strain reliefs, for mold- 
ing in rubber, neoprene, vinyl 
or styrene, to black or colored 
cords of our own manufacture. 


Catalog 5-55 illustrates our 
stock molds. Write for it. 


ROYAL ELECTRIC CORPORATION 
PAWTUCKET * RHODE ISLAND 


WIRE + CORD ASSEMBLIES + FUSES * WIRING DEVICES 
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DO THESE 
TRANSFORMER 


GIVE 


YOU 


ANY 
IDEAS? 








This 75 VA unit 
provides stabilized 
voltage and prevents 
light fluctuation on 
one of the world’s 
best photo enlargers. 





If you have a prob- 
lem with the con- 
trol, adjustment, 
regulation, stabiliz- 
ing, reduction or 
increasing of elec- 
trical voltage — 
then tell your trou- 
bles to the Acme 
Electric engineer- 
ing department. 


A complete staff of 
transformer engi- 
neers will help you 
develop the kind of 
transformers that 
can make your pro- 
ducts more reliable. 


FOR CORRECTING 
LOW VOLTAGE 
CIRCUITS 


This is a Boost and Buck 
Transformer, used to supply 
230 volt, single phase, 60 
cycle from a 208 volt circuit. 
A quick and economical way 
of getting top performance 
from motors installed on 
under-voltage lines. 





This shell type transformer, 230 
volt primary, 60 cycle, 24 volt 
secondary is protected with a 
built-in fuse for maximum safety. 


ACME ELECTRIC CORPORATION 


351 WATER ST. 





CUBA, N. Y. 





CONTROLS, REMOTE. 
Stations ; 
Switches 


See Push 
Relays and Contactors; 


Buttor 


CONTROLS, RESISTANCE. See Resistors 
also Kheostats 


CONTROLS, SERVO. See Servomechan 


isms 
COPPER. See Brass, Bronze and Copper 
COPPER, BERYLLIUM. See Beryllium 
Copper 
CORD and TWINE, ARMATURE and 
COIL 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Ill. 


Mica Insulator Co., Schenectady 1, N. Y¥ 
Varfiex Corp., 504 W. Court, Rome, N. Y. 


Westinghouse Electric Corp., Gateway 
Center. Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

CORD. INSULATED. See Wire and 
Cable, Insulated. 


CORD, RESISTANCE LINE. See Resist 
ance Line Cords. 


CORD SETS 

Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 

Belden Manufacturing Co., 4633 W. Van 
Buren, Chicago 44, IIl 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. 

Cords Ltd. Div., Essex Wire Corp., 121 
Dodge, DeKalb, IIl. 


— Co., Carol Cable Div., Pawtucket, 


General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, Conn. 

Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8. Mass. 


Royal Electric Corp., Pawtucket, R. I 

U._8. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


Wire Stripper Co.. 
East Cleveland 12, 


1729 


Ohio 


Eastham Ave 


CORES. POWDERED METAL. See Cores 
Transformer; Powdered Metal Products 


CORES, REFRACTORY. See Ceramics 
CORES, TRANSFORMER 
Acme Electric Corp., Cuba, N. Y 


American Lava 
Tenn. 

Arnold Engineering Co., Marengo, Il 

General Ceramics Corp., Keasbey, N. J 

Magnetic Metals Co., Hayes Ave. at 2lst, 
Camden 1, N. J. 

Magnetics, Inc.. Dept. EM-33, Butler. Pa 


Corp Chattanooga 5 


Radio Cores, Inc., 9540 Tulley Ave., Ouk 
Lawn, Ill. 

Starkpole Carbon Co., St. Marys, Pa 

Thomas & Skinner, Inc., 1114 E. 23rd, 
Indianapolis 7, Ind. 

Westinghouse Electric Corp., Gateway 
Center. Ridg. No. 3, 401 Liberty Ave., 


Pittsburgh 30, Pa. 


CORK and CORK COMPOSITIONS 


Armstrong Cork Co., 7001 Ingersol, Lan- 
caster, Pa. 
COUNTERS. See also Instruments, Elec- 


tronic; Relays. 


Berkeley Div. of Beckman Instruments, 
~, 2200 Wright Ave., Richmond 3, 
all 


one ich Manufacturing Co., Inc., Danbury, 

‘onn 

Bowmar Instrument Corp., 2415 Pennsyl- 
vania Ave., Fort Wayne, Ind. 

Bristol Co., Waterbury 20, Conn. 

Counter & Control Corp., 5225 W. Electric 
Ave., Milwaukee 14, Wis 

me Signal Corp., 202 20th, Moline 1, 


Kellogg Switchboard and Supply Co., 79 
w. lonroe, Chicago 3, Til. 


National Acme Co., 176 E. 13lst, Cleve- 
land 8, Ohio 
Production Instrument Co., 700-04 W. 


Jackson Blvd., Chicago 6, IIl. 
Veeder-Root, Inc., Hartford 2, Conn. 


COUPLINGS, CLUTCH. See Clutches. 


COUPLINGS, FLEXIBLE 

Eaton Mfg. Co., Dynamatic Div., 
osha, Wis. 

Guardian Products Corp., 1215 E. Second, 
Michigan City, Ind. 


Ken- 


CRYSTAL DIODES. See Rectifiers, Semi- 
conductor; Transistors and Crystal Diodes. 


CRYSTALS, QUARTZ 


Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Hupp Electronics Co., Div. of Hupp Corp.. 
757 Circle Ave.. Forest Park, II. 

Radio Corp. of America, Tube Div., Rar- 
rison, N. J 


CYLINDERS, AIR 
The Rellows (o.. Akron 9. Mbhi- 


Mead Specialties Co., 4114 N. Knox Ave., 
Dept. E-17, Chicago 41, Ill 


JANUARY 


DAMPING DEVICES 


Jabriel Co., 1148 Euclid Ave., Cleveland 
15, Ohio 
DELAY LINES. See Computer Compx 


nents 


DIAL LIGHT ASSEMBLIES. See Lights 
Pilot and Indicator. 


DIALS and PANELS 


Borg Equipment Div., George W. Bore 
Corp., Janesville, Wis. 

Mica Insulator Co., Schenectady 1, N. Y 

Mutual Electronic Industries Corp., Usi 


versal Aviation Div., 85 Beechwood Ave 


New Rochelle, N. Y. 
DIE CASTINGS. 


DIELECTRIC HEATING UNITS. See 
High Frequency Heating Units. 


DIE-SETTING TOOLS 


Wales-Strippit Corp., 345 
North Tonawanda, N. Y. 


See Castings, Die. 


Payne Ave.. 


DIES, PRECISION, LAMINATION, Ete. 


Sylvania Electric Products Inc., 1740 
Broadway, New York 19, N. Y. 
Twin City Die Casting Co., Talmage & 


33rd Aves., S.E., Minneapolis 14, Minn 


DIODES. See Rectifiers, 
Transistors and Crystal 


Semiconductor 
Diodes. 


DRAFTING EQUIPMENT and 
MATERIALS 


Eastman Kodak Co., Rochester 4, N. Y 


Keuffel & Esser Co., Hoboken, N. J 
DRIVES, BELT 
Allis-Chalmers, Milwaukee 1, Wis. 


Dayton Rubber Co., Ind. O.E.M. Div 
Dayton 1, Ohio 
New York Belting & Packing Co., 1 Market 


St., Passaic, N. J. 


DRIVES, ELECTRONIC. See also Speed 
Reducers and Drives. 


Eaton Mfg. Co., Dynamatice Div., 
osha, Wis 
General Electric Co., Apparatus Sales Div 

Schenectady 5, N. Y. 
Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 


Ken 





Servospeed Co., Div. of Electro-Devices 
Inc., 4 Godwin Ave., Paterson 1, N. J 
Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 


Pittsburgh 30, Pa 


DUCTS, WIRING (Control 


Panduit, Inc., 10132 8. 
Chicago 43, Tl 

Spaulding Fibre Co., Tonawanda, N. Y 

Stahlin Brothers Fibre Works, Inc., Dept 
BK. Belding, Mich 

Taylor ae. Inc., 15406 Dale, Detroit 
23, ich. 


DUPLICATING MACHINES, DIELESS 
See Benders, Brake and Shears. 


Panel) 
Washtenaw Ave 


DYNAMOMETERS 


Eaton Mfg. Co., 
osha, Wis. 

General Electric Co., Schenectady, N. Y 

Robbins & Myers, Inc., Springfield, Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 


Dynamatic Div., Ken 


ELECTRICAL SHEETS. See Steel, Elec 
trical. 


ELECTRONIC COMPONENTS. See spe- 
cific headings. 


ELECTRONIC TUBE COMPONENTS. 


(Bases, Caps, Lead-in Wires, Stamp- 
ings, Welds, Ete.) 

American Lava Corp., Chattanooga 5 
Tenn. 


Eitel-McCullough, Inc., San Bruno, Calif 
oe Co., 27 Wright, Newark 5 


ENAMELING SHEETS. See Steel, Com- 
mercial Forms and Grades. 


ENAMELS. See Lacquers, Enamels. Paints 
and Varnishes, Finishing. 


EYELETS and GROMMETS 


Chase Brass & Copper Co., Waterbury 20 
Conn. 

Fastex Div. of Illinois Tool Works, 195 
Sonn Rd., Des Plaines, Ill. 

Goshen Rubber Go., Inc., P. 0. Box 517, 


Goshen, Ind. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

U. S. Gasket Co., Camden 1, N. J. 

FABRICS, INSULATING. (Sheets, Tapes. 
Yarns, Thread, Cord, Ete.) 


Glass-Fiber, Varnished Cambric, Cotton. 
Linen, Silk, Asbestos, etc. See also 
Tape and Sheeting, Synthetic Resin; 
Tubing and Sleeving, Braided Fabric. 


Acme Wire Co., 1225 Dixwell Ave., New 
Haven 14. Conn 
Bentley, Harris Mfg. Co., 1201 Barclay, 


Conshohocken, Pa. 
Brand & Co., Inc., William, Willimantic 
Conn, 
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L CABLE CORPORATION 4 


ee ee ee 






FORMVAR 


MAGNET WIRE el 
Boo no 
°0 NOT ROL OR TUMBLE! os 


| CONVENIENCE! 
ECONOMY! 


General Cable STAR’PAK pails and drums cut loading and 
threading times, feed freely without elongation, provide extra 
convenience and protection in transportation and storage! No- 
deposit, non-returnable STAR-PAK available containing all stand- 
ard types of magnet wire Size 30 Awg and larger, in 100-pound 
pails, 250 and 500-pound drums. Standard spools also available 
in all types and sizes. For consistently superior quality, more users 
specify General Cable Magnet and Enamel Wires. 


GENERAL CABLE CORPORATION 
420 Lexington Avenue, New York 17, N. Y. 
Offices and Distribution Centers Coast-to-Coast 


> 





for quality and service... Specify GENERAL e CABLE 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 327 





with CONTINENTAL 


insulated wire and cable 


APPLIANCE HINGE WIRE—AG 


For connecting upper and lower heating surfaces 
of waffle irons and sandwich grills. With glass 
braid and asbestos insulation for greater 
dielectric, moisture and abrasion resistance. 


ELECTRIC STOVE WIRE—AA 


Smokeless asbestos insulation. For wiring 
commercial electric grills, ranges, space heaters, 
water heaters, and other heavy duty appliances. 
Maximum operating temperature: 397°F. 


SWITCHBOARD WIRE—TA 


For wiring switchboards and other apparatus 
where resistance to oil, flame and heat is 
required, Maximum operating temperature: 194°F. 


ieee A ey eee: RES” 


FACT FILLED CATALOG 


NEW, COMPLETE CATALOG OF 
CONTINENTAL WIRE AND CABLE 
AVAILABLE ON REQUEST. 


ontinental 


WIRE CORPORATION 
WALLINGFORD, CONN. YORK, PENNA. 








Celanese Corp. of America, 290 Ferry, 
Newark 5, N. J. 

a Diamond Fibre Co., Newark 
13, 

Cottrell aper Co., Inc., 88 Purchase, Fall 
Kiver, Mass. 

Dow Corning Corp., Midland, Mich. 
Electro-Technical Products, Div, of Sun 
Chemical Corp., Nutley 10, N. J. 
General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 
Gudebrod Bros. Silk Co., Inc., 12 8. 12th, 

Philadelphia 7, Pa. 

Hess, Goldsmith & Co., Inc., Horace 
Linton Div., 14¢0 Broadway, New York 
i, we ‘ae 

{nsuiation Manufacturers Corp., 565 W 
Washington Bivd., Chicago 6, Ill. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 

Jehne- anne, Box 60, New York 16, 
ban: Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
L. O. F. Glass Fibers Co., 1810 Madison 

Ave., Toledo 1, Ohio 

Mica Insulator Co., Schenectady 1, N. Y¥ 

Minnesota Mining & Mfg. Co., Electrica! 
Products Dir., 900 Fauquier Ave., St 


Paul 6, Minn. 
Molded Fibergiass Sheet Co., 4415 Benefit 
Ave., Ashtabula, Ohio 
Natvar Corp., ad Randolph Ave., Wood- 
bridge, N 
New Jereay Wood Finishing Co., Electrical 
Insulation Dept... Woodbric ge, i. 
Owens-Corning Fiberglas Corp., ee Mad- 
ison Ave.. New York 22, N. 
Raybestos-Manhattan, Inc., Pantie Pro- 
ducts Div., Manheim, Pa. 
Wood- 


Rotron Manufacturing Co., Inc., 
stock, N. 

Thompson Fiber Glass Co., H. 1, 1611 
W. Florence Ave., Inglewood, Calif. 

Varflex Corp., 504 W. Court, Rome, N. Y 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


FANS and BLOWERS 


Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer- 
ville, N. J. 

Eastern Air Devices, Inc., 
Ave., Dover, N. H. 

El Ray Motor Co., Inc., 
Hollywood, Calif. 

Emerson Electric Mfg. Co., St. 
Mo 

Fasco Industriss, Inc., 
chester 2, N. Y. 

Globe Industries. Inc., 

Heinze Electric Co., 
ell, Mass 

Hupp Electronics Co., Div. of Hupp Corp., 
757 Circle Ave., Forest Park, Ill 

Master Appliance Mfg. Co., Racine 2, Wis 

Robbins & Myers, Inc., Propeller Div., 
Springfield, Ohio 


383 Central 
11747 Vose, N. 
Louis 21, 
100 Augusta, Ro- 


Dayton 4, Ohio 
685 Lawrence, Low- 


FASTENERS (Bolts and Nuts; Lock and 
Snap Assemblies; Pins; Pre-assembled 
Washers and Screws; Recessed Head 
Screws; Rivets; Screws; Washers.) 


Bolts and Nuts 


Machine Bolts and Nuts (A) 

Stove Bolts (B) 

Self-Locking Nuts (C) 

Sheet Metal Lock Spring Assembly Nuts 
(D) 

Serew Thread Inserts (E) 

Cold Headed and Rolled Threaded Pins 
Studs and Special Parts (F) 

Cap, Nuts (G) 

Spade Bolts (S) 

Welding Nuts (Clinch-on) (N) 

Wing Nuts (W) 


Aluminum Co. of America, Alcoa Bidg., 
Pittsburgh 19, Pa. (A) 

American Screw Co., Willimantic, 
(BF) (Cold Headed Screws) 

Anti-Corrosive Metal Products Co., Inc., 
Castleton on-Hudson, N. Y. (A) 

Bristol Co., Waterbury 20, Conn. (A) 

Buffalo Bolt Co., N. Tonawanda, N. Y 
(AB) 

Burndy Corp., Omaton Div., 
Conn 

Chase Brass & Copper Co., Waterbury 20, 
Conn. (ARCF) 

Cleveland Cap Serew Co., 4444-11 Lee 
Road, Cleveland 28, Ohio 

Comite Screw Co., New Bedford, Mass. 
(AB) 

Elastic Stop Nut Corp. of America, Dept. 
N67-1222 2830 Vauxhaul Rd., Union, 
N. J. (ACDEN) 

Eleo Tool and Screw Corn.. 1800 Broad- 
way, Rockford, Ill. (ABF) 

Fastex Div. of Dlinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il. 

Gries Reproducer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. (GW) 

Harper Co., H. M., 8204 Lehigh 
Morton Grove, Til. (ABC) 

Hassall, Inc., John, P. O. Box 2225, 
Westbury, L. L., N. ¥. (FP) 

Heli-Coil Corp., 208 Shelter Rock Lane, 
Danbury, Conn 

Keystone Bolt & Nut Corp., 127 Church, 
New York 7, N. Y. (AB) 

Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, Ohio (ABCDF) 

Milford Rivet & Machine Co., 
Conn. (BF) 

National Lock Co., Rockford, Ill. (A) 

Palnut Co., Sub. of United-Carr Fastener 
Corp., 66 Glen Rd., Mountainside, N. J. 
(C) 

Parker-Kalon Div., General American 
Transportation Corp., Entin Rd, Clif- 
ton, N. J. (AB) 


Prestole Corp., 1303 Miami, 
Ohio (D) 


Conn. 


Norwalk, 


Ave., 


Milford, 


Toledo 5, 
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Progressive Mfg. Co., 44 Norwood, Tor- 
rington, Conn. (ABF) 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. (ABF) 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Uk (C) 

South Chester Corp., Southco Div., 3rd_& 
N. Governor Printz Bivd., Lesver, Pa. 
(CDEF) 

Standard Pressed Steel Co., Jenkintown 9, 
Pa. (AN) 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill (C) 

Tinnerman Products, Inc., P. O. Box 6688, 


Cleveland 1, Ohio (D) 
Cambridge 


United-Carr Fastener 
42. Mass. (ACDE) 

Co., 1136 W. Hubbard, Chi 

cago 22, Ill (8) 


Corp., 
Wenco Mfg. 


Lock & Snap Assemblies (Door Panel, Shelf 


Support & Mounting, etc.) 


Fastex Div. of Illinois Tool Works, 198 
Algonquin Rd., Des Plaines, Ill. 

Simmons Fastener Corp., 1752 N. Brosd 
way, Albany 1, N. 


Pins—Qouer (F); Locking and Taper (G). 
Spiral Coil (M) 


Anti-Corrosive Metal Products Co., Ine. 
Castleton-on-Hudson, N. Y. (F) 
Chase Brass & Copper Co., Waterbury 20 


Conn. (F) 

Elastic Stop Nut Corp. of America, Dept 
N67-1222, 2330 Vauxhaull Rd.,° Union. 
N. J 

Lamson & Sessions Co., 1971 W. 85th 


Cleveland 2, Ohio (F) 


Pre-Assembled Washers and Screws 


American Screw Co., Willimantic, Conn 

Continental Screw Co., New Bedford, Mass 

Lamson & Sessions Co., 1971 W. 85th 
Cleveland 2, Ohio 

National Lock Co., Rockford, Til. 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Shakeproof Div. of Tilinois Tool Works 
St. Charles Rd., Elgin, Ill. 
South Chester Corp., Southco Div., 8rd & 
N. Governor Printz Blvd., Lester, Pa 

Thompson-Bremer & Co.,, Sub. American 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. 

United-Carr Fastener Corp., 
42, Mass. 


Cambridge 


Recessed Head Screws 


Alden Products Co., 117 N. 
ton, Mass. 

Allmetal Screw Products Co., Inc., 82) 
Stewart Ave., Garden City, N. Y. 

American Screw Co., Willimantic, Conn 
Atlantic Screw Works, Inc., 85 Charter 
Oak Ave., Hartford, Conn. 

Blake & Johnson Co., Waterville 14, Conn 

Bristol Co., Waterbury 20, Conn. 

Central Screw Co., 3501 Shields 


Main, Brock 


Ave.. 
Chase Brass & Copper Co., Waterbury 20 
Eagle Lock Co., 20 8, Main, Terreyville 
Great Lakes Screw Corp., 
8204 Lehigh Ave 
Morton Grove, Ill. 
Keystone Bolt & Nut Corp., 127 
1971 W. 85th 
Cleveland 2, Ohio 
National Lock Co., 
Parker-Kalon Div., General American 


Chicago 9, Tl 
Conn. 
Continental Screw Co., New Bedford, Mass 
Conn. 
Eleo Tool & Screw Corp., Rockford, Il 
13631-51 8 
Halsted, Chicago 27, Ill. 
Harper Co., H. M., 
Heli-Coil Corp., 208 Shelter Rock Lane, 
Danbury, Conn. 
Church, 
New York 7, N. Y. 
Lamson & Sessions Co., 
aed Rivet & Machine Co., Milford, 
“onn. 
Rockford, Ill. 
National Screw & Manufacturing Co., 2446 
E. 75th, Cleveland 4, Ohio 
ees Corp., Entin Rd, Clif- 
ton 


Pheoll rae o- 5700 Roosevelt Rd., Chi- 
cago 5 

Rockford Screw Products Co., Rockford, Il 

Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 

Screw Research Association, Union Trust 
Bldg., Providence 3, R. I. 

Scovill Mfg. Co., Waterville 14, Conn. 

Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. 

Southington Hardware Mfg. Co., South- 
ington, Conn, 

Seatess Pressed Steel Co., 

a. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, Ill. 

Were Corp., 2240 15th, Rockford 


Jenkintown 9 


Rivets 


Aluminum Co. of America, Alcoa Bldg., 
Pittsburgh 19, Pa. 

Anti-Corrosive Metal Products Co., Inc., 
Castleton-on-Hudson, N. Y. 

—— Brass & Copper Co., Waterbury 20, 
Yonn, 

Chicago Rivet & Machine Co., 9609 W. 
Jackson Bivd., Bellwood, IIL 

Continental Screw Co.. New Bedford, Mass 

Deringer Metallurgical Corp., 8129 Monti- 
cello Ave., Skokie, Ill. 

du Pont de Nemours & Co., (Inc.), E. L, 

Wilmington 98, Del 


Explosives Dept., 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Il. 

Gries Reprodurer Corp., 125 Beechwood 
Ave., New Rochelle, N. Y. 

Harper Co., H. M., 8204 Lehigh Ave., 
Morton Grove, Il. 

Hassall, Inc., John, P.O. Box 2225, West 
bury, L. I., N.Y. 
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READER 


“INSTRUCTIONS” 


Heart of America’s air defense warning and 
control system—SAGE— is an IBM elec- 
tronic computer. In split seconds, if the need 
should ever arise, the computer will be able 
to digest huge volumes of data on any inva- 
sion of hostile aircraft—report its findings 
visually on a scope! This display of computed 
data will enable watching airmen to issue 
“instructions” to defensive weapons with 
unprecedented speed and certainty. 


Engineers! Technicians! IBM offers ex- 
citing opportunities to work on computers, 
control systems, inertial guidance, micro- 
wave circuitry—the most wide-open field 
in the electronics industry. 


IBM Laboratories and Manufacturing 
Plants are located in: Poughkeepsie, 
Owego, Endicott, Kingston, N. Y.; Rochester, 
Minn.; Lexington, Ky.; and San Jose, Calif. 


Write: R. A. Whitehorne, International 
Business Machines Corporation, Room 
5501, 590 Madison Avenue, New York 
Sa NN. 3. 


INTERNATIONAL 
BUSINESS MACHINES 
CORPORATION 


INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


DESTINY ON DISPLAY 
IBM computer generated display 
presents moving “‘situation map” 
of the skies over New York City. 
Symbols represent commercial 
airliners and ground reference. 


for a nation’s safety! 


Computers for SAGE are being produced 
and installed by IBM to help assure the Air 
Force of\swift, fact-based tactical decisions. 
Thus IBM’s systems engineering skill assists 
the militaty in bringing electronic exactness 
to the task of keeping America alert. 


DATA PROCESSING TIME EQUIPMENT 


MILITARY PRODUCTS ELECTRIC TYPEWRITERS 
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POS 


by 
National 
Lock 


a) 2h ad 


In all types, sizes, 

materials, finishes 
to meet your 
requirements 


""KEPS”’ 


Registered Trademark of 
Iinois Tool Works 


Whatever your requirements for SEMS 

KEPS, standard screws and bolts, National 
Lock Company will ship immediately. 
Available in a wide variety of types*, 
heads+, washers#, lengths, threads, ma- 
terials and finishes. these uniform fasteners 
are quality controlled and competitively 
priced. Our sales engineers will work 
closely with you in developing special- pur- 
pose screws and bolts to meet your “specs”. 


* — (Sems) Machine, Thread-Cutting, 
(Screws) Machine, Tapping, 
Thread-Cutting, Wood 
(Keps) Standard Machine Screw 
Nut, Light Nut Series 

+ — Slotted, Phillips, Hex, Flat, 
Round, Oval, Pan, Fillister, Truss 
External, Internal, Countersunk, 
Split-Spring, Flat 


WRITE US 


| 


BLL 


NATIONAL LOCK COMPANY 


FASTENER DIVISION Rockford, Illinois 


Church 
Milfora 


44 Norwood, Tor- 


Keystone Bolt & Nut Corp., 27 
New York 7, N. ¥ 
Milford Rivet & Machine Co., 
Conn 
Progressive Mfg. Co., 
rington Conn. s 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y¥. 

South Chester Corp., Southco Div., 3rd 4 
N. Governor Printz Bivd., Lester, Pa. 
Serews—Cap and Set, Machine (H); Self 

Tapping (J) 


Allen Manufacturing Co., 
Hartford 5, Conn. 
Aluminum Co, of America, Alcoa Bidg 
Pittsburgh 19, Pa. 
American Screw Co., 
(HJ) 
Anti-Corrosive Metal Products Co., Inc 
Castieton-on-Hudson, N. Y. (H) 
Bristol Co., Waterbury 20, Conn. (H) 
Chase Brass & Copper Co., Waterbury 20 
Conn, (HJ) 
Continental Screw Co., New Bedford 
(HJ) 

Eleo Tool and Screw Corp., 
way, Rockford, Ill. (HJ) 
Harper Co H. M., 8204 
Morton Grove. Ill. (J) 
Hassall, Inc., cena, _P.O. Box 2225, West- 

bury, L. L, 
Keystone Bolt : Nut Corp., 12 
New York 7, N. Y. (HJ) 
Lamson & Sessions Co., 1971 W. 85th, 
Cleveland 2, Ohio (HJ) 


Milford Rivet & Machine Co., Milford 


Conn. (HJ) 
National Lock Co., Rockford, Tll. (J) 
General American 


Parker-Kalon Div., 
Transportation Corp., Entin Rd., Clif 
Tor 


133 Sheldon 


Willimantic, Conn 


Mass 
1800 Broa: 


Lehigh Ave 


Church 


ton, N. J. (HJ) 

Progressive Mfg. Co., 
rington, Conn. (H) 

Russell, Burdsall & Ward Bolt 
Co., Port Chester, N. 

Set Screw & Manufacturing Co., 
Bartlett, Ill. (H) 

Shakeproof Div. of Illinois Tool 
St. Charles Rd., Elgin, Ill. (J) 

South Chester Carp., Southco Div., 
nn Printz Bivd., 
(HJ) 

atone Pressed Steel Co., Jenkintown 9 
"a. (H) 

Sterling Bolt Co., 


Erie, 
10, Til. (HJ) 


United-Carr Fastener Corp., Cambridge 42, 
Mass. (HJ) 


44 Norwood, 
and Nut 
112 Main, 
Works, 


3rd & 
Lester, Pa 


363 W. Chicago 


Washers—Flat (K) 


Anti-Corrosive Metal 
Castleton-on- Hudson, 

Assoriated Spring 
KL 

Barnes Co Wallace 
Spring Corp.. Bristol 

Barnes-Gibson- Raymond 
Spring Corp 40300 
Plymouth, Mich 

B-G-R Cook Plant Div 
Corp., Ann Arbor, Mich. (KL) 

Rlake & Johnson Co., Waterville 48, Conn. 

Chase Brass & Copper Co., Waterbury 20 
Conn. (KL) 

Continental Screw Co., New Bedford 
(KL 

Cosmo Plastics Co 
land 9, Ohio 

Dunbar Bros. Co., 
Corp., Bristol, 

Garrett Co., Inc 
34, Pa. (KL) 

Gibson Co.. William D., Div, Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 


cago 14, Ill. (KL) 
Harper Co., H. M., 8204 Lehigh 
Morton Grove, Till. (L) 
Joliet Wrought Washer Co 
nois (K) 
Keystone Bolt & Nut Church 
New York 7, N. Y. (KL) 
Lamson & Sessions Co.. 1971 W. 
Cleveland 2, Ohio (KL) 
Manross & Sons Co., F. N., Div. Asso- 
ciated Spring Corp., Bristol, Conn. (KL 
Milwaukee Div., Associated Spring Corp 
_ 341 E. Erie, Milwaukee, Wis. (KL) 
National Lock Washer Co., 40 Hermon, 
ean at 5, N. J. (L) 
io Div.. Associated Spring Cor 1712 
E. 1st, Dayton, Ohio (KL) ey 
Palnut Go., Sub.’ of United-Carr Fastener 
Corp.., 66 Glen Rd., Mountainside, N, J. 
Raymond Mfg. Co., Div. Associated Spring 
Corp., Corry, Pa. (KL) 
Russell, Burdsall & Ward Bolt and Nut 
Co., Port Chester, N. Y. 
Shakeproof Div. of Illinois Tool Works, 
St. Charles Rd., Elgin, Ill. (L) 
Srd & 
Lester, Pa 


Lock and Spring (L 


Products Co., Ine., 
N. Y. (L) 
Corp., Bristol, Conn 
Div Associated 
Conn. (KL) 

Div., Associated 
Plymouth Rd 


Associated Spring 


Mass 


, 3239 W. 14th, Cleve 


Div 
Conn 
George K 


Associated Spring 


Philadelphia 


Ave 
Joliet, Tli- 
Corp., 127 


85th 


South Chester Corp., Southco Div., 
“ ) Governor Printz Bivd., 

Thompson-Bremer & Co., 
Machine & Foundry Co., 520 N. Dear 
born, Chicago 10, Ill. (KL) 

United-Carr Fastener Corp., 
42, Mass. (L) 


Sub. American 
Cambridge, 


FELT 


American Felt Co 16 Glenville Rd., 
Glenville, Conn 

Continental Felt Co., Inc., 22-26 West 
15th, New York 11, N. Y¥ 

Felters Co., 210 South, Boston 11, Mass 

Western Felt Works, 4021-4139 W. Ogden 
Ave., Chicago 23, Ill 


FIBRE, PHENOLIC. See Plastics—Mold- 
ing. Laminating, Casting and Extrusion 
Compounds 


FIBRE, VULCANIZED. 
Rod, Tubing). 


Continental-Diamond 
Budd Co., Inc., 


(Board, Sheet. 


Fibre Div. 
Newark 13, Del 


of The 


JANUARY 


Manufacturers Corp., 565 W 
Chicago 6, Ill 
Wilming 


Tonawanda 


Insulation 
Washington Bivd., 

National Vulcanized Fibre Co., 
ton 99, Del 


Reguhtns Fibre Co., Inc., 


Stalilin Brothers Fibre Works, Inc., Dept 
E., Belding, Mich 

Taylor Fibre Co., Norristown, Pa. | 

West Virginia Pulp and Paper Co., 
Park Ave., New York 17, N. Y 


FILTER ELEMENTS, POWDERED 
METAL 

Amplex Div. of 
31, Mich. 

Radio Cores, Inc., 
Lawn, Il 


FILTERS, RADIO 


Aerovox Corp., New Bedford, 
Astron Corp., 255 Grant Ave., 


230 


Detroit 


Ow 


Chrysler Corp., 


9540 Tulley Ave.. 


Mass 
Newark & 


Div 
Tele 
cit 


Federal Telephone and Radio Co., 
of International Telephone and 
graph Corp., 100 Kingsland Rd 
ton, N. J. 

Filtron Co., Inc., 
Flushing 55, N. Y¥ 

General Electric Co., 
Schenectady 5, N 

Gudeman Co., 340 W 
Il 

Guiton Mfg. Corp Guiton Industries 
Inc., 212 Durham Ave., Metuchen, N. J 

Mallory & Co., Inc., P. R., Indianapolts 
6, Ind. 


131-05 Fowler Ave 
Apparatus Sales Div 


Huron, Chicago 10 


PRODUCT. See 
Paints and Varnishes, 


FINISHES, 
Enamels. 
ing. 


FLUORESCENT LAMP AUXILIARIES 
Includes Adapters, Ballasts, Compen 
sators, Control Units, Starters an¢é 
Transformers. For Resistors, see 
sistors, Instrument and Radio; also Ca 
pacitors, 


Acme Electric Corp., Cuba, N. Y 

Aerovox Corp., New Bedford, Mass 

Arrow-Hart & Hegeman Electric Co., 105 
Hawthorne, Hartford 6, Conn 

Chicago Standard Transformer Corp., Ad 
dison & Elston Ave., Chicago 13, Ill 
Jeneral Electric Co., Construction Mate 
rials Div Bridgeport 2, Conn 

Sola Electric Co., 4633 W. 16th 
50, Tl 

Sylvania Electric 
Broadway, New York 19, N. Y¥ 

Westinghouse Electric Corp 
Center, Bidg. No. 3, 401 
Pittsburgh 30, Pa 


Lacquers 
Finish 


Chicage 


Products, Inc., 1740 


Gateway 
Liberty Ave 


FOILS, WIRE MARKING 


Kingsley Stamping Machine Co 
Cahuenga, Hollywood 38, Calif 
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FOOT SWITCHES. See Switches 


FORGINGS 


American Brass Co., Waterbury 26 

Chase Brass & Copper Co., 
Conn 

Philadelphia Bronze & Brass Corp., Sut 
of P. R. Mallory & Co., Inc., 22nd and 
Master, Philadelphia 21, Pa. 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. (Non-ferreu- 
Ryerson & Son, Inc., Joseph T., Chicago * 

Til. 


Com 
Waterbury 20 


FREQUENCY METERS. 


See Instruments 


FUSE HOLDERS, MOUNTINGS ano 
' 


CLIPS 


Alden Products Co., 117 
ton, Mass 
Burndy Corp., 
Conn 

= Industries, Inc., 
ll. 

Ideal Industries, Inc., 
Sycamore, Ill 

Iisco Corp., 5745 Mariemont Ave., 
cinnati 27, Ohio 

Jones Div., Howard B., Cinch Mfg. 
Chicago 24, Ill. 

Multi Electric Mfg., Inc., 4227 W 

6060 Rivard, 


N. Main 
Div., 


Brock 
Omaton Norwalk 
445 Elm, Sycamore 
1008 Park Ave 
Cin 
Corp 
Lake 
Chicago 24, Til. 


Square D Co., 
Mich 


Detroit 11 


FUSES 


Burndy 
Conn. 

Genera! Electric Co. 
Schnectady 5, N ° 

Royal Electric Corp., Pawtucket, R. I 

Westinghouse Electric Corp., Gatewas 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa 


Corp., Omaton Div., 


, Apparatus Sales Div 
'y 


Norwalk 


GAGES, TEMPERATURE, 
and VACUUM 


Bristol Co., Waterbury 20, Conn. 

Edison, Inc., Thomas A., Instrument Div 
Dept. 53, West Orange, N. J. 

Weston Electrical Instrument Corp o 
sub. of Daystrom, inc., 614 Freling 
huysen Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmar 
Co., 1408 Rock, Rockford, IL. 


GALVANOMETERS. 


PRESSURE 


See Instruments 


GASKETS 


American 
Glenville, Conn 
Armstrong Cork Co 
caster, Pa. 

tions) 


Felt Co., 16 Glenville Ra 
7001 Ingersol, Lan- 
(Cork and Rubber Compwosi 
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Federals NEW 


“Y-M-D’ 
PROCESS 


| produces HI-DENSITY Selenium Rectifiers 
with 3 MAJOR SAVINGS... 


SPACE 


-..more than 42% 


WEIGHT 
... averaging 23% 


COST 


AY. 
ep ae 2 
“V-eM-D” (Vacuum Multiple Deposition) is the unique 
process developed by Federal for the controlled application 


FEDERAL’S NEW ‘’V-M-D” CELLS HAVE 4 
of the selenium and counterelectrode to the aluminum base EXCEPTIONAL CHARACTERISTICS... 
plate. “V-M-D” cells are remarkable for their lower voltage 
drop, longer life, greater uniformity and higher tempera- @ Longer life .. . 40,000 hours and more. 
ture and voltage ratings. . . 

One of the many new products made possible by this ex- © ines Ceenperarars ges «ee 

clusive process is the Federal Hi-Density Radio-TV Recti- 150° C. ambient. 
fier. These miniature, low cost Hi-Density Seleniums rectify @ Higher voltage ratings... up to 45V RMS. 
twice as much power as equivalent-sized rectifiers of other 
make. They are being produced in ratings of 150 to 500 @ Higher efficiency... 
ma. and are backed by two years of laboratory testing and 
more than a year’s success in the replacement field. They are 
now available in volume to the electronics industry. Other 
products also possible with the “V-M-D” process are: 
45-Volt-Cell Rectifiers e 150°C. Hi-Temperature Rectifiers 
40,000-Hour Rectifiers e Hi-Density Industrial Rectifiers 


25% lower forward losses. 


For more information about any of these 
new products write to Dept. F-216 


Federal Telephone and Radio Company 


A Division of INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION 
COMPONENTS DIVISION + 100 KINGSLAND ROAD « CLIFTON, N. J. 


In Canada: Standard Telephones and Cables Mfg. Co. (Canada) Ltd., Montreal, P. Q. 
Export Distributors: International Standard Electric Corp., 67 Broad St., New York 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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HUBBELL 
Interlock 


TRADE -MARK 


PLUGS 
TO SOLVE YOUR 
WIRING PROBLEMS 


Modern electrical and electronic equipment depends 


upon small component parts for accuracy of operation. 


The wiring of connections to sources of power, as 


well as berween elements within the unit, must be 


dependable and must be designed for fast, easy 


rearrangement and maintenance. Hubbell Interlock 


Plugs meet all these requirements and actually 


provide an extra margin of dependability. 


You Can Be Sure 
Of A 


Positive Connection 





Unlike other terminals, In- 
terlock Plugs are designed 
with a locking mechanism 
that permits contact on two 
surfaces and provides a con- 
stant low contact resistance. 
Interlock plugs lock auto- 
matically in their eyelets or 
jacks, can be quickly discon- 
nected when intended, yet 
cannot disconnect accidentally 
— and they're designed to 
withstand unusual strain and 
vibration! 





HARVEY 
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For Further Information, Write Dept. B.: 


HUBBELL, 


TESTS 
PROVE 
IT! 





By actual laboratory test, the 
Hubbell Interlock Type “A” 
Plug, capacity 10 amperes, 
withstands a 47 pound pull 
without disconnecting; the 
Type “B” Plug, capacity 5 
amperes, a 16 pound pull; 
Type “C”, capacity 1 am- 


pere, 4.7 pounds; and the 
heavy duty Type “S” Plugs, 
capacity 15 amperes, up to 
222 pounds. 


Tale 








| Cone- Drive Gears Div., 





| Vibro Ceramics Corp., 


Chase Brass & Copper Co., Waterbury 26 
Conn 


Chicago Rawhide ite. Co., 1215 Elston 
Ave., Chicago 22, 
Crane ‘Packing Co., e424 Oakton, Morton 


Grove, Til. 
o., 4 Romanelli, South 


Electro Tec 
Hackensack, N 
Goshen Kubber Co., Inc., P.O. Box 517, 
Goshen, Ind. 
congo Manville, Box 60, New York 16, 
Parker Appliance Co., 17825 Euclid Ave., 
Cleveland 12, Ohio 
Raybestos-Manhattan, Inc., Plastic Prod- 
os Div., Manheim. I’a. 
8. Gasket Co., Camden 1, N. J. 
v: S. Rubber Co., Rockefeller Center, 
New York 20, N. 
Felt Works, 4035-4117 
Ave., Chicago 23, I 


Ogden 


GEARMOTORS. See Motors 


GEARS and PINIONS 


Amplex Div. of Chrysler 
31. Mich. 

American Stock Gear Div., 
Co., Harvey, Tl 

Beaver Gear Works, Inc., 
Rockford, 11. 

Bowmar Instrument Corp., 
vania Ave., Ft. 


Corp., 
Perfection Gear 
1035 Parmele, 


2415 Pennsy!- 

Wayne, Ind. 

Michigan Tool Co., 

Hg E, MeNichols Rd., Detroit 12, 
ic 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Fastex Div. of Illinois Tool Works, 195 
Algonquin Kd., Des Plaines, Ill 

Gear Specialties, Inc., 2635 W. 
Ave., Chicago 47, TIL 

Gries Reproducer Corp.. 
Ave.. New Rochelle, N. Y. 

Ohio Gear Co., 1358 "E. ‘179th, Cleveland 
10, Ohio 

Process Gear Co., Inc., 4612 W. Fullert'a 
Ave., Chicago 39, Ill. 

Radio Cores, Inc., 9540 Tulley Ave., h« 
Lawn, Til. 

Shakeproof Div. of ——=g rae Work .. 
St. Charles Rd., Elgin, 

United States Graphite Co., "Yen Hollan:, 

Westinghouse Etectrie Gatewsy 
Center, Bidg. = § 

Winzeler Manufacturing & Tool Co., 1712 
W. Arcade Place, Chicago 12, Ill 


Detroit 


‘Medill 


125 Beechwood 


Saginaw, Mich 
. “or liberty Ave., 
Pittsburgh 30, 
GENERATORS. See Motors. 


GENERATORS, ELECTRONIC 
General Electric Co., oe Sales 
Div., Schenectady 5, 
General Electric Co.,  blasetes Div., 
Electronics Park, Syracuse 1, N. Y. 
Howard Industries, Inc., Dept. EM-9, 
1760 State, Racine, Wis. 
Electronics (Co., 
P.O. Box 13058 





Southwestern Industrial 
2831 Post Oak Rd., 
Houston, Texas. 

Gulton Industries, 

Inc., 212 Durham Ave., Metuchen, N. J 


GERMANIUM DIODES. See Rectifiers, 


Semiconductor; Transistors and Crystal 
Diodes. 


GLASS-BONDED MICA 

Continental-Diamond Fibre 7. of The 
Budd Co.. Inc., Newark 18. 

General Electric Co., Teminated ' products 
Dept., Coshocton, ‘Ohio 

Mycalex Corp. of America, Clifton Bivd., 
Clifton, N. J. 


GLASS-FIBER, YARNS, CLOTHS and 
TAPE. See Fabrics, Insulating. 


GLASS, TECHNICAL 
Hermaseal Co., Inc., 1010 Main, Elkhart, 


Ind. (Tubes) 
Kopp Glass, Inc., Swissvale, Pa. 


GOLD, ROLLED (Plate and Wire) 


American Platinum Works, 231 now Jersey 
Railroad Ave.. Newark 5 N, 


“ee + Co., Ine., 113 Astor, Scout 5, 


N 

General Plate Div., Metals & Control: 
Corp., 1901 Forest, Attleboro, Mass. 

Saw & 5 Harman, 82 Fulton, New Yor'c 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn. 


Sel oo - 155 Manchester Pl., New 
4, N 

Wilson Co., H. A., Route 22, Union, N. J. 

GRAPHITE. See Carbon and Graphite 


GREASE, BEARING 


Dow Corning Corp., Midland, Mich 
cone) 


(Sili- 


GRIPS and CLAMPS, STRAIN RELIEF 


Fastex Div. of Illinois Tool Works, 195 
Algonquin Rd., Des Plaines, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill. 

Walker Co., George, 118 Amsterdam Ave., 
Passaic, N. J. 

Weckesser Co.. 5701 Northwest Highway, 
Chicago 30, Ill. 


HARNESSES and ASSEMBLIES, WIRE 


Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 


JANUARY 1957 


Amphenol Electronics Corp., 1830 8. 54th 
Ave., Chicago 54, Ill. 


Belden Mfg. Co., 4633 W. Van Buren. 
Brand & Co., 2 William, Willimantic. 
Cornish Wire Co., 50 Church, New York 
Crescent &., Carol Cable Div., 


Drake Manufacturing Co., 1711 W. Hub 
bard, Chicago 22, Ill. 

General Electric Co., Construction Mate- 
rials Div., Bridgeport 2, 

Phalo Plastics Corp., Commercial & Fos 
ter, Worcester 8, Mas 

Switchcraft, Inc., 1328 N. Halsted, Chi- 
cago 22, 

Wire Stripper Co., 1729 Eastham Ave.. 
East Cleveland 12, Ohio 


Pawtucket. 


HEADPHONES and HEADSETS 


Automatic Electric Sales Corp., 
Van Buren, Chicago 11, Ill. 

Stromberg-Carlson, A _ Div. 
Dynamics i OF 
Rochester 3, N 


1033 W 
of Genera) 
lsop Rd 


HEATING ELEMENTS and UNITS 


Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. Y. 

Master Appliance Mfe. Co., Racine 2 Wis 

Still-Man Manufacturing Corp.. 429-83 
E. 164th, New York 56, N. Y 

Syntron Co., Homer City, Pa. 

Vulcan Electric Co., Danvers 2, Mass. 

Watlow Electric Mfg. Co., 1362 Fergusen 
Ave., St. Louis 14, Mo. 

Westinghouse Electric 
Center, Bidg. = 8, 401 Liberty Ave.. 
Pittsburgh 30, 

Wiegand ¥ Ewin -. 7530 Thomse 
Bivd., Pittsburgh 8 


Corp., Gateway 


HERMETIC SEALS. See Seals and Ter 
minals, Hermetic. 


HIGH-FREQUENCY HEATING UNITS 

Allis-Chalmers, Milwaukee 1, Wis. 

General Electric Co., Apperatus Sales 
Div., Schenectady 5, N. 

Radio Receptor Co., Inc., Semiconductor 
Div., 240 Wythe Ave., Brooklyn 11, N. Y- 

Westinghouse Electric Corp., Gateway 


Center, mae. SS ~ 8, 401 Liberty Ave.. 
Pittsburgh 22, 


HIGH NICKEL ALLOYS. See Nickel an@ 
Nickel Alloys. 


HOLDERS, COMMUTATOR BRUSH 


Graphite Metallizing Corp., 1059 Nepper 
han Ave., Yonkers fy N. Y. 

Mycalex Corp. of America, Clifton Bivd.. 
Clifton, N. J. (Glass Bonded Mica) 

Phoenix Electric Mfg. Co., 4211 W. Lake. 


Chicago 24, Til. 
“M”’ Electronents Div., Midwest 


Triple 
Molding & Mfg. Co., Gurnee 96, IIl. 


IMMERSION HEATER UNITS. See Heat 
ing Elements and Units. 


IMPREGNATING COMPOUNDS. See Ce- 
ment, Insulating and Sealing; Waxes 
and Compounds. 


INDICATORS, HEAT. See Thermometers 
INDICATORS, SPEED. See Tachometers. 


INDUCTION HEATING. See High-Fre- 
quency Heating Units. 


Incan- 


INFRA-RED LAMPS. See Lamps, 
descent and Infra-red. 


INSTRUMENTS, ELECTRICAL MEAS- 
URING and TESTING 


Acme Electric Corp., Cuba, N. Y. 

Aerovox Corp., New Bedford, Mass. 

—— Products, Inc., Chesterland 14. 

Associated Research, Inc., 3794 Belmont. 
Chicago 18, Til. 

B&aK Manufacturin or 3726 N. Southport 
Ave., ot. Tii. 

Bristol. terbury 20, Conn. 

Color Television Inc., Belmont 8, Calif. 

Doelcam, Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegrapb 
Corp., 100 Kingsland Rd., Clifton, N. J 

Electric se Salee 
Div., Schenectady 5, N. 

Griebach Instruments Corp., Gulton In- 
dustries, Inc., 212 Durham Ave., Me- 
tuchen, 

— Industries, Ine., 445 Elm, Sycamore. 


Ideal Industries, Inc., 1008 Park Ave.. 
Sycamore, Ill. 

Industrial Test oapnent Co., 55 E. 1ith. 
New York 3, 

a ieee Inc., P.O. Box 
2954. New Haven 15, Conn. 

Moseley “Co., F. L., 408 N. Fair Oake 
Ave., Pasadena, Calif. 

National oe Ce., Inec., Holtzer- 
Cabot D 125 Amory, Boston 19, Mass 

Phaostron Soctrement ~ Electronic Co.. 
151 Pasadena Ave., S. Pasadena, Calif. 

Precision Apparatus 2 be. e.. 70-91 84th. 


Apparatus 
= 


Glendale a, L. I 


Radio Corp. of America, Tube Dtv., 


Har- 
rison, N. J. 


ELECTRICAL 


MANUFACTURING 








...and it will be just the thing 





6-Pole Type 6 C 
up to V3 H. P. 
1050 R. P.M. 


for the job- because... 


Sutco’s new concept in a permanent split-capacitor motor — 
the Mini-Lap* — sets new standards in competitively priced — low-cost — 
Uuteo motors with ratings up to 14 H. P. Minimum overlap of expensive 
ae copper windings and fully automated winding of the stator reduces cost 
‘ ‘, to YOU!... The unique design of the Mini-Lap motor allows cooler 
operation, higher efficiency and longer life for your products. 
Whatever your requirement in permanent split-capacitor or shaded-pole 


motors — check Sutco! Refer your needs to our competent sales 


‘ ‘ and product engineers for the most economical solution to your problem. 


"ee" *Patent Pending 


Write to: SUTCO, 

ORIGINAL EQUIPMENT DIVISION : — 

The O. A. Sutton Corporation, Inc. ; rf 
Wichita, Kansas 6 Pole Type 60 4Pole Type 40 4 Pole Type 4C 2-Pole Type 2A 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 333 











Heyco Nylon Strain Relief 
Bushings eliminate wire 
Knots and grommets and 
insulate wire from housing. 


There is a Heyco size and type for all size wires. In 
addition to their full approval by both Underwriters’ 
Laboratories and Canadian Standards Association, 
Heycos increase product life and enhance product 
appearance. If you are not already using cost-reducing 
Heycos send for test samples to fit your wires, today. 


1-Slip over wire 
2-Snap into hole 









~~ 
SORBS PULL 


ao 


FOR DOUBLE PROTECTION 
USE APPROVED HEYCO 
STRAIN RELIEF BUSHINGS 


HEYMAN MANUFACTURING COMPANY | 


KENILWORTH 1 NEW JERSEY 


Send wire sizes for free 


samples and specifications. 
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Simpson Electric Co., 5200 W. 
Chicago 44, Ill. 

Southwestern Industrial Electronics Corp 
P.O. Box 13058, 2831 Post Oak Rd. 
Houston 19, Texas 


Texas Instruments Incorporated, 6000 Lem 


McKinzie 


mon Ave., Dallas 9. Texas 
Universal Atomics Corp Dept. EM12, 
50 Bond, Westbury, L. L, N. ¥ 
WacLine, Inc., 35 8. St. Clair, Dayton 2 
Ohio 


Waterman Products Co., Inc., 2445-63 
Emerald, Philadelphia 25, Pa. (Oscillo- 
scope) 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., 
of Daystrom, Inc., 614 
Ave., Newark 5, N. J. 

Wheelco Instrument Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


A sub 
Frelinghuysen 


INSTRUMENTS, ELECTRONIC. See also 
Oscilloscopes; Recorders, Oscillographic 


Berkeley Div. of Beckman Instruments, 
Inc., 2200 Wright Ave., Richmond 3, 
Calif 

Bristol Co., Waterbury 20, Conn. 

Brush Electronics Co., 3405 Perkins Ave., 
Cleveland 14, Ohio 

Doelcam, Div. of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, Mass 

Du Mont Laboratories Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, . J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Gulton Mfg. Co., Gulton Industries. 
212 Durham Ave., Metuchen, N. J. 

Hastings Raydist, Inc., Hampton, Va. 

Industrial Test Equipment Co., 55 East 
llth, New York 3, N. Y. 

Librascope, Inc., 808 Western Ave., Glen- 

Inc., 


dale 1, Calif 

Magnetic Amplifiers, 632 
Ave., New York 55, N. Y. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sanborn Co.. Industrial Div.. 39 Osborn, 
Cambridge 39, Mass. 

Simpson Electric Co., 5200 W. McKinzie, 
Chicago 44, Ill. 

Southwestern Industrial Electronics Corp., 
P.O. Box 13058, 2831 Post Oak Rd., 
Houston 19, Texas 

Weston Electrical Instrument Co., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


Ine., 


Tinton 


INSTRUMENTS, LABORATORY 
STANDARD 


Acme Electric Corp., Cuba, N. Y. 

Bristol Co., Waterbury 20, Conn. 

Clarostat Mfg. Co., Inc., Dover, N. H. 

Doelcam, Div. of Minneapolis- Honeywell, 
Soldiers Field Rd., Boston 35, Mass. 

Electro Products Laboratories, Inc., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 

General Electric Co, Apparatus Sales Div, 
Schenectady 5, N. Y. 

Gulton Mfg. Co., Gulton Industries, Inc., 
212 Durham Ave., Metuchen, N. J. 

Moseley Co., F. L., 409 N. Fair Oaks 
Ave., Pasadena, Calif. 

Radio Frequency Laboratories, Inc., Boon- 
ton 9, N. J. 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 22, Pa. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave. Newark 5, N. J. 

Wheelco Instruments Div., Barber-Coleman 
Co., 1403 Rock, Rockford, Ill. 


INSULATING MATERIALS. See follow 
ing specific headings: 


Cement, Insulating and Sealing 

Ceramics 

Cork and Cork Compositions 

Fabrics, Insulating 

Felt 

Fibre, Vulcanized 

Glass-Bonded Mica 

Insulation, Wire and Cable 

Mica, Molded and Laminated 

Paper, Insulating 

Plastics-Molding, Laminating, 
and Extrusion Compounds 

Piastics, Sheets, Rods and Tubes 

Rubber and Rubber Products 

Silicones 

Sleeving and Tape, Asbestos 

Tape, Friction and Splice 

Tape and Sheeting, Synthetic 

Tubing, Paper 

Tubing and Sleeving, Braided 

Tubing and Sleeving, Extruded 

Varnishes, Compounds and 
sulating 

Waxes and Compounds 


Casting 


Resin 


Fabric 
Plastic 
Resins, In 


INSULATION, WIRE and CABLE 
(Ceramic and Synthetic) 


American Lava Corp., Chattanooga 5. Tenn 

Bakelite Co., Div of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. ¥ 

Dobeckmun Co., 3301 Monroe Ave., Cleve 
land 13, Ohio 

Dow Corning Corp., Midland, Mich 

du Pont de Nemours & Co., (Inc.), E. L., 
Wilmington 98, Del 

General Electric Co., Construction Mate 


rials Div., Bridgeport 2, Conn. 
Goodrich Chemical Co., B. F., 3135 Euclid 


Ave., Cleveland 15, Ohio 

Oronite Chemical Co., 200 Bush, San 
Francisco 4, Calif 

Schenectady Varnish Co., Inc., P.O. Box 
1046, Schenectady, N. Y 

Shawinigan Resin Cerp., 5106 Monsanto 
Ave., Springfield 1, Mass 


JANUARY 





U.S. Rubber Co., Rockefeller Center New 


York 20, N 


IRONS, SOLDERING. 
Equipment 


See Soldering 


ISOLATORS, VIBRATION and SHOCK 
See Mountings, Rubber and Synthetic. 


JEWEL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator. 


KNOBS, CAPS and HANDLES, MOLDED 


See 


Chicago Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Il. R 

Davies Molding Co., Harry, 1428 N 
Wells, Chicago 10, Ill. 


Kurz-Kasch, Inc., 1419 8. Broadway, Day 
ton 1, Ohio . 

Midwest Molding & Mfg. Co., Gurnee 96 
Til. 

Richardson Co., 2799 Lake, Melrose Park 
Til. 

Rogan Brothers, 8027 N. Monticello Ave 
Skokie, Ill. 


LACQUERS, ENAMELS, PAINTS ane 
VARNISHES, FINISHING 


Allied Research Products, Inc., 4004-04 
E. Monument, Baltimore 5, Md. 

Aluminum Co. of America, Alcoa Bidg 
Pittsburgh 19, Pa. 

Bakelite Co., A Div. of Union Carbide & 
Carbon Corp. 420 Lexington Ave., New 


York 17, N. ¥ 
Midland, Mich 


Dow Corning Corp., 
(Silicone Resins & Varnishes) 
du Pont de Nemours & Co., (Inc.), E. I 
Finishes Dept., Wilmington 98, Del. 
eeitend Industrial Finishes Co., Waukegan. 
l 


Sherwin-Williams Co., General Industrial 
Div., Cleveland 1, Ohio 


LAMINATED METALS, PRECIOUS ane 
BASE (Sheet, Tube and Wire) 


Brainin Co., C. 8., 320 Washington, Mt. 
Vernon, yr sae 

General Piste Div., Metals and Controls 
Corp., 1901 Forest, Attleboro, Mass. 

See brace. 82 Fulton, New York 
38, N. Y. 

Wilson Co.. H. A.. Route 22, Mnion, N. J 


LAMINATED PLASTICS. See Plastics. 


LAMINATIONS, MOTOR and 
TRANSFORMER 


Laminations Co., Box 13, 300 Main, Stam- 
ford, Conn. 

Magnetics, Inc., Dept. EM-33, Butler, Pa. 

Thomas Skinner Inc., 1114 E. 28rd 
Indianapolis 7, Ind. 


LAMPS, FLUORESCENT 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric 
Center, Bldg. No. 3, 
Pittsburgh 30, Pa. 


Corp., Gateway 
401 Liberty Ave 


LAMPS, INCANDESCENT and 
INFRA-RED 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Westinghouse Electric 
Center, Bldg. No. 3. 401 
Pittsburgh 30, Pa. 


., Gateway 
iberty Ave.. 


LAMPS, MERCURY VAPOR 


General Electric Co., Nela Park, Cleveland 
12. Ohio 

Westinghouse Electric Corp., Gateway 
Center, Bidg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa 


LAMPS, MINIATURE 
eator) 


General Electric Co.. Nela Park, Cleveland 
12, Ohio 

Westinghouse [Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


(Pilot and Indi- 


LAVA. See Ceramics 


LAYOUT FLUID 
Dykem Co., 2303F N 
Mo 


llth, St. Louis 6 


LENSES, PRESSED GLASS 
Kopp Glass, Inc., Swissvale, Pa 


LIGHTING FIXTURES 


Killark Electric Manufacturing Co., Van 
deventer and Easton Aves., St. Louis 18 
Mo 


LIGHTS, PILOT and INDICATOR 


Alden Products Co., Inc., 117 N. 
Brockton, Mass. 


Main 


Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 
Cannon Electric Co., Dept. 500, 3209 


Humboldt, Los Angeles 31, Calif 
Crouse-Hinds Co,., Syracuse 1, N. Y. 
Dialight Corp . 44 Stewart Ave., Brooklyn 


37, N 
Drake Manufacturing Co., 1711 W. Hub- 
bard, Chicago 22, Til. 


General Electric Co., Nela Park, Cleveland 
12, Ohio 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Hetherington Inc., 1200 Elmwood Ave., 
Sharon Hill, Pa 

Johnson Co E. F. 2331 
S.W Waseca, Mint 


Second 


Ave 
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wrherever explosion-proof safety is essential wm 


SAFE-GUARD 














Alumalloy 
Explosion-Proof 
Fittings 
and 
Fixtures 


te Met 8 Ee 


The Killark line is a complete one—backed by over 40 
years’ pioneership in the development and improvement 
of aluminum fittings and fixtures. 

So, whatever your safety-proofing need, there's 
probably a Killark product to match it—with 
these characteristics: 


Lightweightness * Rust and Corrosion Resistance * Perfect Uniformity 
Easy Installation * Quick delivery 







Do you have your copy of 
the new Killark Catalog? 
Yours on request. 


ELECTRIC MANUFACTURING COMPANY 


a, 
a Vandeventer and Easton Aves. St. Louis 13, Missouri 


Atlanta 69 Mills St., N. W. 
Boston 49-51 D St. 
Buffalo 278 Johnson St. 
Chicago 1528 West Adonis St. 
Cincinnati 1031 Meta Dr. 

















Dallas 1901 Griffin St. 
Denver 1073 Galapago 
Detroit 8319 Mack Ave. 
los Angeles 412 Seaton St. 


Philadelphia 2014 Chancellor St. 
Pittsburgh 4830 McKnight Rood 






SALES OFFICES and 
WAREHOUSE STOCKS 









San Francisco 714 Harrison St. 


Seattle 4130 First Ave., So. 






















Baltimore 11 W. 25th St. 
Columbus 2700 E. Main St. 


Kansas City, Mo. 616 W. 26th St. 
Minneapolis 826 Andrus Bldg 


New York 





600 W. 181st St. 


SALES OFFICES 








FHP motors... engineered 





The new RAE M-20 or M-100 Motor. Ven- 
tilated or enclosed. Designed for quality 
but not expensive. Strong, rugged casting. 
Ball or sleeve bearings. Can be used with 


ony of RAE's gear units. 
Winding — 
M-20 — Universal or Shunt 


M-100—Permanent Magnet (DC Shunt) 
Voltage — 6 to 220 AC/DC or DC Shunt 
Max. H. P. — 1/30 Continuous 


Weight — Approx. 2 Ibs. 


especially 
for your 
product 





motors 


RAE engineers are recognized specialists in solving 
difficult FHP motor applications. By careful analysis 


and testing of your 


product, they can save you time 


and money in selecting the right motor. 


RAE offers outstanding service and 


uality in a 


large variety of motors. Available in voltages up to 


250, and up to 1/6 H.-P. 


(higher for intermittent 


duty) with many gearhead motor combinations. 
Find out how RAE motors can improve your prod- 
uct and reduce costs as they are doing for other 
leading manufacturers 

*Send for the ‘“‘RAE’’ Engineering Data Sheet. It will help you 
supply the data necessary for recommendations and prices. 











Rae MOTOR CORP. 


2009 Kewaunee Street 
Racine, Wisconsin 


AC/DC Universal * DC Shunt Wound * 
DC Series Wound * Gear Reduction 
Motors * Governor Controlled Motors * 
Motors for Rheostat Control * Motors for 
Electronic Control * Permanent Magnet 
Motors and Gearmotors. 


DIMENSIONS 


15/32 dia. x 1 


vata 


ea CRE tla 
500 MW Max. (This 


available rr 


aot + hae 
aceon ita 
100 MW but 


th slightly less vibration 


elena 


ments as low as 


resistance 


VIBRATION RESISTANCE 
15G up to 2000 CPS 


ge 
mCU PH eA SIGNALS 


Pwanss LONG BRANCH, N. J. 


RELAYS 
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Oo SSsv wees & 


Pass & Seymour, Inc., Station, 
Syracuse 9. N. ¥ 

Pyle-National Co., 
Chicago 51, Ill 

Square D (fo 4041 N 
waukee 12, Wis 


Solvay 
1388 N. Kostner Ave., 


Richards, Mil- 


LOCKNUTS and LOCK WASHERS. 
See Fasteners. 


LUBRICANTS 


Alpha Molykote Corp., 65 Harvard Ave., 
Stamford, Conn 

Fluidwick Co., 5319 East Outer Dr., Detroit 
34. Mich. 


LUBRICATORS, OIL and GREASE 
Fluidwick Co., 5319 East Outer Dr., Detroit 


34, Mich. 

Gits Bros. Mfg. Co., 1846 8. Kilbourn 
Ave., Chicago 23, Til. 

Madison-Kipp Corp., 201 Waubesa, Madi- 


son 4, Wis 


LUGS and TERMINALS 


AMP Incorporated, 2100 Paxton, Harris- 
burg, Pa 

American Brass Co., 

Buchanan Electrical 


Waterbury 20, Conn 
Products Corp., 225 


Route 22. Hillside. N. J. 
Burndy Corp., Omaton Div., Norwalk, 
Conn. 


Cambridge Thermionic Corp., 453 Concord 
Ave.. Cambridge 38. Mass. 

Hart Manufacturing Co., 211 Bartholomew 
Ave Hartford 1, Conn. 

Heyman Mfg. Co., Kenilworth 1, N. J. 
Iisco Corp.. 5745 Mariemont Ave., Cin- 
cinnati 27, Ohio 
Johnson Co., E. F., 2331 Second Ave., 

S.W., Waseca, Minn. 


Jones Div., Toward B., CincheMfg. Corp., 
Chicago 24, Til. 
Evans, Cin- 


Krueger & Hudepohl, 1041 
cinnati 4, Ohio 

Malco Tool and Manufacturing Co., 4021 
W. Lake, Chicago 24, TIL 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, Tl. 

Mycalex Corp. of America, Clifton Blvd., 


Clifton, N. J 
a Co., 35 Verona Ave., Newark 4, 


Sealectro Corp., 610 Fayette Ave., Mama- 
roneck, N. Y,. 

Shakeproof Div. of Tilinois Tool Works, 
St Charles Rd., Elgin, Tl. 

Thomas & fRetts Co., Inc., 
Flizabeth 1, N. J. 

Thompson-Bremer & Co., Sub. American 
Machine & Foundry Co., 520 N. Dear- 
born, Chicago 10, IIL. 


28 Butler, 


MACHINES. See srecific headings: 


Balancing; Coil Winding: Print; Rivet 
Setting; Strippers. Wire; Vibration 
Test. Also see Marking Machines and 
Devices. 


MAGNETIC AMPLIFIERS 


Airnax Products Co., Middle River, Balti 
more 20. Md. 

Berkeley Div. of Beckman Instruments 
Inr.. 2200 Wright Ave., Richmond 3, 
Calif. 

Doelram, Div., of Minneapolis- Honeywell, 
Soldiers Field Rd.. Boston 35, Mass 
General Electric Co., Apparatus Sales 

Div.. Schenectady 5. N. Y. 

Magnetic Amplifiers, Inc., 632 Tinton Ave., 
New York 55, N. Y. 
Westinghouse Electric 
Center. Bldg. No 
Pittsburgh 22, Pa. 


Corp., Gateway 
3, 401 Liberty Ave., 


MAGNETIC BRAKES. See Brakes, Mag- 


netic 


MAGNETIC MATERIALS. See Steel Elec- 
trical: Magnets, Permanent; Magnetic 
Recorder Components; Powdered Metal 
Products. 


MAGNETIC RECORDER COMPONENTS 

Driver Co.. Wilbur B., 150 Riverside 
Ave., Newark 4, N. J 

Minnesota Mining & Mfg. Co., Electrical 
Products Div., 900 Fauquier Ave., St. 


Paul 6, Minn. (Tape) 
Stromberg-Carison, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. Y. 


MAGNETIZERS and DEMAGNETIZERS 


Radio Frequency Laboratories, Inc., 
Boonton 9, N. J 


MAGNETS, PERMANENT 


Arnold Engineering Co., Marengo, Il. 
Crucible Steel Co. of America, Chamber of 
Commerce Bidg., Pittsburgh 19, Pa. 
General Electric Co., Metallurgical Prod- 
ucts Dept.. 11131 E. 8 Mile Ave., De- 


troit 32, Mich 
ees Steel Products Co., Valpariso, 
nd. 


Thomas & Skinner Inc., 1114 E 23rd, In- 
dianapolis 7, Ind 


MAGNET WIRE. See Wire, Magnet. 


MARKERS, IDENTIFICATION 


Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis. 

Brand Co., William, Willimantic, Conn. 

National Band & Tag Co., Dept. 6-64 
Newport, Ky. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 


Prt BREN BENE, SEAN PALL EU PENG 


MARKING MACHINES and DEVICES 
(For Marking Wire, Foil, Plates, ete.) 

Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, "-Wis. 

Kingsley Stamping Machine Co., 850 
Cahuenga, Hollywood 38, Calif. 


MATERIALS HANDLING EQUIPMENT 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Robbins & Myers, Inc., Crane & Hoist 
Div., Springfield. Ohio 

Spaulding Fibre Co., Inc., Tonawanda. 


MERCURY RELAYS. See Relays 
MERCURY SWITCHES. see Switches 


METALLIZING EQUIPMENT 


Metallizing Engineering Co., Inc., 1118 
Prospect Ave., Westbury, L. I., N. ¥ 


METALS, LAMINATED. See Laminated 
Metals, Precious and Base. 


METALS, PRECIOUS. See Gold; Lami 
nated Metals; Platinum; Silver. 


METALS, PRE-PLATED. See Pre-Platec 
Metals. 


METALS, RARE 


Prssaedh Hesgeagieal Corp., North Chi 

cago, Ill. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

Wilson Co., H. A., Route 22, Union. N. 3 


METERS, HOUR 


Haydon Mfg. Co., Inc., 2532 Elm, Tor 
rington, Conn. 

Hobbs Corp., John W., Div. of Stewart 
weer Corp., 2078 Yale Blvd., Spring 
field, Ill. 

Industrial Timer Corp., 1411 McCarter 
Highway, Newark 4, N. J. 


MICA, GLASS-BONDED. See 
Bonded Mica. 


Glass 


MICA, MOLDED and LAMINATED 
(Sheets, Plate, Tape, Tubes, Rings. 
Segments, Washers, etc.) 


Brand & Co., Inc., William, Willimantic 
Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

General Electric Co., Laminated Products 
Dept., Coshocton, Ohio 

Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Til. 

Macalien Co., Bay Rd.. Newmarket, N. 

Mica Insulator Co., Schenectady 1, N. Y¥ 

New England Mica Co., Inc., 66 Woerd 
Ave., Waltham 54, Mass. 


MICA UNDERCUTTERS 


Ideal Industries, Inc., 1008 Park Ave 
Sycamore, Ill. 


MICROPHONES 


American Microphone. Electronics Dis 
Elgin National Watch Co., 370 S. Fair 
Oaks Ave., Pasadena, Calif 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

General Electric Co., Apparatus 
Div., Schenectady 1, N. Y. 

General Electric Co., Chemical Div., } 
Plastics Ave., Pittsfield, Mass. 

Mica Insulator Co., Schenectady 1, N. Y 

North Shore Nameplate, Inc., 214-27 
Northern Blvd., Bayside 61, N. Y 


Sales 


MOLDED INSULATION and MOLDED 
PRODUCTS. See Ceramics; Mica; Plas 
tics; Rubber. 


MOLYBDENUM—(Sheet and Wire) 
See also Contacts. 


Fansteel Metallurgical Corp., North Chi 
cago, Ill. 

Mallory & Co., Inc., 
6. Ind 


P. R., Indianapolis 


MOTOR BASES, ADJUSTABLE 
Allis-Chalmers, Milwaukee 1, Wis 


MOTOR CONTROLS and STARTERS 
See Controllers, Motor; Push Button 
Stations 


MOTOR GENERATOR SETS 


Leach Corp., Inet-Palmer Div., 4441 8 
Santa Fe Ave., Los Angeles 58, Calif 


MOTORS and GENERATORS. See Motors 
Table on page 338 


MOUNTINGS, RUBBER and 
SYNTHETIC 


Johns-Manville Corp., Dutch Brand, Div 
_ 7800 Woodlawn Ave., Chicago 19, Ill 

U.S. Rubber Co., Rockefeller Center, New 
York 20, N. Y. 


MOVEMENTS, CLOCK and TIMING 
Haydon Co., A. W., 234 North Elm 
Waterbury 20, : 


Conn. 
Haydon Mfg. Co., Inc., 2532 Elm, Tor 
rington, Conn. 
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616 W. 26th St. 
826 Andrus Bldg. 


Kansas City, Mo. New York 600 W. 181st St. 


Minneapolis 


Baltimore 
Columbus 


SALES OFFICES 11 W. 25th of 


2700 E. Main St. 


This NEW Magnetic Counter 
is EASY to Reset... 









paded 5 


Everyone Can Count on 


ieee taoor 








Designed for panel mounting where remote in- 
dication is required, this electrically operated 
counter is a compact package 5.5” long, 2.1” 
wide, 2.7” high. Capacity: 1,000 counts per 
minute. Power consumption, 8 watts. Stocked 
in 110 and 220 AC and DC. Easy to reset, ex- 
cept when locked . . . then the sturdy tumbler- 
lock* puts the damper on tampering. Yet one 
*National Lock Co. Lock No. 68-4837; Key D-428 
Stocked at 
Hartford 2, Conn. « New York 19, N. Y. 
Greenville, S.C. + Chicago 6, Ill. 


Montreal 2, Canada 
Offices and Agents in Principal Cities 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 





turn of the key resets all 6 figures to zeros. 
This new Magnetic Counter is one of the 

thousands of Veeder-Root standard and special 

counters . . . electrically, mechanically and 

manually operated . . . in daily use throughout 

the world in industry, business, science and 

medicine. You, too, can count on Veeder-Root 
. to help you count anything you need. 


Veeper-Roor 


“THE NAME THAT COUNTS” 
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saa ats 
APPLICATIONS 
AIST 


wi 


“made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 
FELT 
FITS IN 
WITH YOUR 
PRODUCTS 


See why 
CONTINENTAL FELT 


fills hundreds 
of jobs daily Ask far boukiet 


CONTINENTAL E Beds COMPANY. tweisos 


TSM L143 NEW YORK a 





TRANSFORMER ENGINEERS 
to $9,000 


Outstanding growth opportunity with Light Military 
Electronic Equipment Dept. of General Electric in 
advanced airborne electronics for engineers with 
sales-type personality and 2 to 4 years’ experience 
in design and/or evaluation of transformers utilized 
in power circuits or pulse circuitry, Familiarity 


with MIL and JAM specs. 


Will consult with design engineers to establish 
what transformers will best serve particular circuit 

. with vendors to keep abreast of current trans- 
former types and discuss specifications for the 
design and construction of new transformers. Will 
evaluate ability and resources of vendors to supply 
transformers. 


Good Advancement Opportunities 


Promotion from within. 


Outstanding 
benefits including liberal aid for graduate study. 


employee 


Please send your reply in confidence to: 


Mr. JoHN STERNBERG, Dept. 925 


Light Military Electronic Equipment Dept. 


GENERAL @@ ELECTRIC 


French Road, Utica. N. Y. 
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MOTORS A-C D-C Univ. Synch. 
Miniature Timing Motors,Geared| |X | > 
“Subfraction, Under 1/20Hp. | B_ cul OF. & 
Fractional, 1/00, Hp ~~ =| F | o | we | 3 
" Integral, 1to7% Hp. re K~ ane 7 —— 
"Integral, Over 744 Hp. aon te re. le 
~ Gearmotors ti eligen i Ok ae ee OS 
Fs Dinerataes i i 7 U = we = : P Ww i 
Low Voltages (Under 110) _ Y —) “ . 














Acro 


Manufacturing Co., 
Ohio (B) 


Columbus 16, 


Allis-Chalmers, Milwaukee 1, Wis. (KL- 
MNOQRTUVW) 

Allis Co., The Louis, Milwaukee 7, Wis 
(KLNOQRUVYZ) 

Barber-Colman Co., Dept. J, 1203 Rock 
Rockford, Tl, (BCEYZ) 

Bodine Electric Co., 2256 W. Ohio, Chi- 
cago 12, Ill. (ABCDEFGHIJQRTYZ&) 

Borg Equipment Div., George W. Borg 


Corp., Janesville, Wis. (BCDE) 
Bristol Motor Div., Vocaline Co. of Amer- 
ica, Old Saybrook, Conn. (A) 
Century Electric Co., 1806 Pine, St. Louis 
8, Mo. (FGKLNOPQRUVWYZ) 
Cleveland Electric Motor Co., 5213 Chester 
Ave., Cleveland 3, Ohio (FKNQ) 
Controls Corp. of America, Soreng Div., 
9551 Soreng Ave., Schiller Park, Ill. (F) 


Cramer Controls Corp., Bor 8, Center 
brook, Conn. (A) 
Dieh! Manufacturing Co., Electrical Div 


of The Singer Manufacturing Co., Somer- 
ville. N. J. (BCFHKNYV) (Servo) 

Doelcam. Div. of Minneapolis-Honeywell, 
Soldiers Field Rd., Boston 35, Mass 
(Servo) 

Doerr Electric Corp., 510 N. 
Cedarburg, Wis. (FGKL) 

Eastern Air Devices, Inc., 
Ave., Dover, N. H. 
(Servo) 

Eaton Mfg. Co., 
Wis. (FKN) 

Eclipse-Pioneer Div., 
Corp., Teterboro, N. J. (Servo) 

Electric Specialty Co., 221 South, Stam- 
ford, Conn. (FGJKLMNOPUVWYZ) 
El Ray Motor Co., Ine., 11747 Vose, N 
Hollywood, Calif. (BCQRZ) 
Emerson Electric Mfg. Co., St. Louis 21 

Mo. (FGIKLMQR) 

Fasco Industries, Inc., Rochester 2, N. Y 
(BCDFGHYZ&) 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
(BCDEFGHJIKLMNOPQRSTUVWYZ&) 

General Industries Co., Dept. ML, Elyria, 
Ohio (BQYZ) 

Globe Industries, 
(BC) 

Haydon Co., 


4th 


383 Central 
(ABEFJQTU) 


Ave 


Dynamatic Div., Kenosha, 


Bendix Aviation 


Inc., Dayton 4, Ohio 


A. W., 234 N. Elm, Water 


bury 20, Conn. (CXZ) 
Haydon Mfg. Co., Inc., 2532 Elm, Tor- 
rington, Conn. (ABCYZ) 


Heinze Electric Co., 685 Lawrence, Lowell, 


Mass. (BCDFZ) 

Holtzer-Cabot Motor Div., National Pneu 
matic Co., Inc.. 125 Amory, Boston 19. 
Mass. (ABCEFGHJQUVYZ) 

Howard Industries, Inc., Dept. EM-9 
1760 State, Racine, Wis. (ABCDEFG- 
HQRTUVYZ) 


Howell Electric Motors Co., Howell, Micb 
(FGKLMNOPQRT) 


Hupp Electronics Co., Div. of Hupp 2 
757 Circle Ave., Forest Park, Ill (X) 

Jack & Heintz, Inc., 17620 Broadway 
Cleveland 1, Ohio (FK) 

Lamb Electric Co., Kent, Ohio (BCDEF 
GHJQRSZ) 

Leland Electric Co., Div. of American 
Machine and Foundry Co., Dayton 1 
Ohio (FGKLNOUY) 

Little Giant Products, Inc., 1530 N 


Adams, Peoria 3, Il. 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Ill. (FGKRLNOUV 

Master Appliance Mfg. Co., Racine 2, Wis 
(CDGH) 

Master Electric Co., Dayton 1, 
(FGJIKLMNOPQRTUVW) 

Motoresearch Co., 1600 Junction Ave., Bs 
cine, Wis. (BQY) 

Oster Manufacturing Co., 
Wis. (BCFGHUVY&) 
chro) 

Packard Electric Div., General 
Corp., Warren, Ohio (FG) 

Portable Electric Tools, Inc., 320 W. 83ra 
Chicago 20, Ill. (GHL) 

Rae Motors Corp., 2009 Kewanee, Racine 
Wis. (BCDFGHYZ&) 

Redmond Co., Inc., Owosso, Mich. (BY 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 


Ohio 


John, Racine 
(Servo and Syp 


Motor» 


(FGKLNOV) 

Reuland Electric Co., Alhambra, Calif 
(KNQ) 

Robbins & Myers, Inc., Motor Div 
Springfield, Ohio (BCDEFGJKNU) 
Scruggs Co., Loyd, Festus, Mo. (BCD 

YZ&) 

Smith Corp., A. O., Electric Motor Div 
Tipp City, Ohio (FKN) 

Sterling Electric Motors, Inc., 5401 Tele 
graph Rd., Los Angeles 22, Calif 
(FKNQ) 

Sutton Corp., O. A., Wichita, Kan. (BF: 


Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Ill. 


Transicoil Corp., Germantown Pike @& 
Quarryball Road, Fairview Village, Ps 
(Servo) 

Wagner Electric Corp., 6454 Plymouth 


Ave., St. Louis 14, Mo. (FGKLNYZ) 
Western Gear Corp., P.O. Box 182, Lyn 

wood, Calif. (BCFGKLQRUV) 
Westinghouse Electric Corp., Gateway Cen 


ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. (RCDEFGHIKLM 
NOPQRSZ&) 





NAME and INSTRUCTION PLATES 


Brady Co., W. H., 727 W. Glendale Ave 
Milwaukee 12, Wis. 


NICKEL and NICKEL ALLOYS 
(Red, Sheet, Tubing, Wire) 


Alloy Metal Wire Div., H. K. Porter Co. 
Inc., of Pittsburgh, Prospect Park, Pa 

American Brass Co., Waterbury 20, Conn 
(Cupro- Nickel) 

Chase Brass & Copper Co., Waterbury 20 


Conn. 

Driver Co., Wilbur B., 150 Riverside 
Ave., Newark 4, N. J. 

Driver-Harris Co.. Harrison, N. J. 

Elgin National Watch Co., Ordnance Div 
Elgin, Ml. (Cobalt Nickel) 

General Plate Div., Metals and Controls 


Corp., 1901 Forest, Attleboro, Mass 

International Nickel Co., Inc., 67 Wali 
New York 5. N. Y. 

Penn Precision Products, Inc., 501 Cres 
cent Ave., Reading, Pa. (Strip) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside Metal Co., Div. H. K. Porter 
Inc., Riverside, N. J 


Inc., 110 Baldwin Are 
(Strip) 
Co., Norristown Pa 


Somers Brass Co., 
Waterbury, Conn 

Superior Tube 
(Tubing) 


NICKEL-SILVER 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 

Chase Brass & Copper Co., Waterbury 20, 
Conn. 

Penn Precision Products, Inc., 501 Crescent 
Ave., Reading, Pa. (Strip) 


NON-MAGNETIC IRON and STEEL 
See Steel, Stainless 


NUTS. See Fasteners 

OHMETERS. See Instruments 

OILERS. See Lubricators, Oi! and Grease 
OSCILLATORS. See Instruments 


OSCILLOSCOPES. See also Instruments 
Electronic; also Recorders, Oscillographic 


DuMont Laboratories, Inc., Allen B., 760 
Bloomfield Ave., Clifton, N. J. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp.. 100 Kingsland Rd., Clifton, N. J 

Genera! Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y 

Hughes Products, Blectron Tube, Div. of 
Hughes Aircraft Co., International Air 
port Sta., Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har 
rison, N. J. 

Simpson Electric Co., 5200 W. McKinzie 
Chicago 44, II. 

Waterman Products Co., Ine., 
Emerald, Philadelphia 25, Pa. 

Weston Electrical Instrument Corp., A sub 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


2445-63 


PACKAGING. See Boxes and Crates 
Containers, Packaging and Shipping 


PACKINGS. See Gaskets. 


v Coppe' ss 
— mar Ton on Abens PAINTS. See Lacquers, Enamels, Paints 
Riverside Metal Co., Div. H. K. Porter and Varnishes, Finishing. 
Co., Inc., Riverside, N. J. 
Seymour Manufacturing Co., Seymour, PALLADIUM. See Platinum and Plat 
Conn inum Products 
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whatever 






the job... 








@ Self-sticking @ Heat-curing 


WRITE Permacet Tare CORPORATION, NEW BRUNSWICK. NEW JERSEY °* a Gofmron alofuen company 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 339 










PRECISION .. 


WATT aY ES 






“ee ee 


_————— 


Available in sizes 
of 3" 
(Model 300 series) 
and 512" 
(Model 500 series) 


MOTORS 


SYNCHRONOUS and TORQUE 


“Inside out’ rotation principle eliminates the use of 
a flywheel...resulting in exceptional performance 


Special consideration given to motors for non-standard applications. 


Direct all inquiries to: 


Tecuwieat Lrecteonies Cone. 


4060 Ince Blvd. 





drastically 
and work of 


*patent pending, trademark 
property of 3C 


Free 


Sample 





®@ provides 


e Culver City, California 


reduces Taal 
cable wrapping 






simple and easy to use; up to 
2” cables can be wrapped 


@ inexpensive; one size answers 


all your needs 


® holds wires together tightly but 


allows flexibility for forming 
cable 


excellent insulation 
and protection over entire 
cable length 


® easily unwound to allow wires 


to be added, taken out, or re- 
located 


New SPIRAP is a modern idea that eliminates 
hours of tedious work. It is ideal for both proto- 
type and production construction. Standard ma- 
terial is white polyethylene. 
through your local distributor. 
sample and complete information. 


Immediate delivery 
Write us for free 


COMPUTER CONTROL COMPANY, inc. 


92 Broad Street — Wellesley 57, Massachusetts 


340 


Y; 








PANEL CONTROL UNITS 


Alien-Bradiey Co., 1316 8S. Second, Mi) 
waukee 4, Wis. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hertford 6, Conn. 

Bristol Co., Waterbury 20, Conn 

Clark Controller Co., 1146 E. 152nd 
Cleveland 10, Ohio 

Copies Signal Corp., 202 20th, Moline 1 
il 


General Electric Ce. Apparatus Sales Dis 
eae 


Schenectady 5, 
Heinemann Electric Co., 99 Plum, Tren 
Richards, Mil 


ton, N 

Square D Co., 4041 N. 
waukee 12, Wis 

Ward Leonard Electrie Co., 600 South 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 22, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 


PANELS, DIAL. See Dials and Panels 


PANELS, SHEET STEEL. See Sheet 
Metal Fabricators. 


PAPER, INDUSTRIAL 


Cottrell Paper Co., Ince., 
Fall River 1, Mass. 

Hollingsworth & Vose Co., East Walpole, 
Mass 

Mosinee Paper Mills Co., Dept. EM, 
Mosinee, Wis. 

West Virginia Pulp and Pepe, Co., 230 
Park Ave., New York 17, N. Y. 


88 Purchase, 


PAPER, INSULATING 


Acme Wire Co., 1255 Dixwell Ave., New 
Tiaven 14, Conn. 

Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 13, Del. 

Cottrell! Paper Co., Inc., 88 Purchase, 
Fall River 1, Mass. 

Dobeckmun Co., 3301 Monroe, Cleveland 
13. Ohio 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 

Hollingsworth & Vose Co., East Walpole, 
Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, Tl. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J, 

Johns: Manville, Box 60, New York 16, 
LY 


Mica Insulator Co.. Schenectady 1, N. Y. 

Mosinee Paper Mills Co., Dept. EM, 
Mosinee, Wis. 

National Vulcanized Fibre Co., 
ton 99, Del. 

Natvrar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

eens Fibre Co., Inc., Tonawanda, 


Wilming- 


West Virginia Pulp and Paper Co., 230 
Park Ave., New York 17 ¥. 


PAPER. PHOTOGRAPHIC 
REPRODUCTION 


Eastman Kodak Co., Rochester 4, N. Y. 


PAPER, TRACING. 
Film and Paper. 


See Tracing Cloth 


PARTS FEEDERS, SELECTIVE 
Syntron Co., Homer City, Pa. (Vibrator) 


PERMANENT MAGNETS. See Magnets. 
Permanent. 


PHOSPHOR BRONZE 
(Rod, Sheet, Tubing, Wire) 


American Brass Co., Waterbury 20, Conn 
Chase Brass & Copper Co., Waterbury 20, 


Conn. 

Mallory & Co., Inc., P. R., Indianapolis 
6. Ind 

Miller Co., Meriden, Conn. 

Penn Precision Products, Inc., 
cent Ave., Reading. Pa. (Strip) 

Revere Copper & Brass, Inc., 230 Park 
Ave., New York 17, N. Y. 

Riverside Metal Co.. 3", H. K. Porter 
Co., Ine., Riverside, N. 

Seymour Manufacturing S. Seymour, 
Conn. 


PHOTOELECTRIC CELLS and TUBES 


General Electric Co., Apparatus Sales Div., 
Schenectady N. Y. (Photoelectric 
Cells) 

General Electric Co., Electronic Component 
Div., Schenectady 5, N. Y. (Photoelectric 
Tubes) 

Hiupp Electronics Co., Div. of Hupp Corp., 
757 Circle Ave., Forest Park, Ill. 

International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 


PHOTOELECTRIC CONTROLS 

Bristol Co., Waterbury 20, Conn 

General Electric . Apparatus Sales Div., 
Schenectady 5. 

ar ane ‘201 “Beimont Ave., Chicago 

Westinghouse Electric Corp., Gateway Cen- 
ter. Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A 
sub. of Daystrom, eo 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


PILLOW BLOCKS. See Blocks, Pillow. 


PINS, COTTER and LOCK. See Fasteners. 


PLASTICS, COLD MOLDED and INOR- 
GANIC. See Ceramics. 


PLASTICS, MOLDERS, EXTRUDERS 
and FABRICATORS 

Alden Products Co., 117 N. Main, Brock- 
ton, Mass. 

American Insulator Corp., 
Pa 


Anchor Plastics Co., Inc., 36-36 36th, 
Long Island City 6, N. Y 


New Freedom, 


Barber-Colman Co.. Dept. A, 1403 Rock. 
Rockford, IL. 

a & Co., Inc., William, Willimantic, 

Chicaro Molded Products Corp., 1024 N 
Kolmar Ave., Chicago 51, Til, 

Continental Can Co., Conolite Div., Wil- 


mington 99, Del. 
Continental-Diamond Fibre Div. of The 
Budd o.. Inc., Newark 13, Del. 
Cosmo Plastics Co., 3239 W. 14th, Cleve 


land 9, Ohio 

Come Fessing Co., 6424 Oakton, Morton 
srove. 

Davies Molding Co., Harry, 1428 N. Wells 
Chicago 10, Ill. 

Dayton Rogers Manufacturing Co., Minn 
eapolis 7H, Minn. 


Dixon Corp., Bristol. 6, R. 1. 
Erie Resistor Corp., Plastics Div., Erie. 


Pa. 

Garfield Manufacturing Co., 20 River Road. 
Garfield, N. J. 

Genera] Electric Co., Plastics Dept., Pitts- 
field, Mass. 

Gries Reproducer 125 Beechwood 
Ave., New Rochelle, iow. ¥ 

Industrial Molded Products  % Inc., High- 
way 53 at U.S. 14, Palatine, Ml. 

Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace. 
Irvington 11, N. 

Kuhn & Jacob Molding i Tool Co., 1204 
Southard, Trenton 8, N. J. 

Kurz-Kaseh, Ine., 1419 & "Broadway, Day- 
ton 1, Ohio 

Mandex Manufacturing Co., Inc., 2610 W 
16th, Chicago 8, Ill. 

Mica Insulator Co., Schenectady 1, N. ¥ 

me Molding & Mfg. Co., Gurnee 

Molded Products, Div. of Admiral Corp.. 
P.O. Box 338, West Chicago, I!! 

——w ene Fibre Co., Wilmington 

e 

Natvar Corp., 207 Randolph Ave., Wood 
bridge. N. 

Noseo Plastics, Ine., Erie 4, Pa. 

Phalo Plastics Corp., Commerciai & Foster 
Worcester 8, Mass. 


Plastic Molded Parts, Ine., 1248 Fifth 
Ave., McKeesport, Pa. 

Raybestos-Manhattan, Inc., Plastic Prod 
ucts Div., Manheim, Pa. 

Resin Industries, Inc.. A Sub. of The 
Borden Co., Santa Barbara, Calif 


Resistofiex Corp., Roseland, N. J. 

ae Co., 2799 Lake, Melrose Park 

Rogan Brothers, 8027 N. Monticello Ave.. 
Skokie, Ill. 

Rostone Corp., Lafayette, Ind. 

en & Son, Inc., Joseph T., Chicago. 


Boauiine Fibre Co., Inc., Tonawanda 


Sylvania Electric Products. Inc., 1740 
Broadway, New York 19, N. Y. 
Synthane Corp., 17 River Road, Oaks, 
Taylor Fibre Co., Norristown, a 
8S. Gasket Co., Camden 1, N. 
Westinghouse Electric Corp., ee Cen 
ter, Bldg. No. 3, 401 Liberty Ave.. 
Pittsburgh 30, Pa. 


PLAeree — MOLDING. LAMINATING 
CASTING and EXTRUSION 


COMPOUNDS 

Alkyd Molding Compeund (T) 
Cellulose Acetate (A) 
Cellulose Nitrate (K) 
Epoxy Resins (0) 
Ethyl Cellulose (B) 
Fluorocarbons (P) 
Melamine Formaldehyde (C) 
Methyl Methacrylate (D) 
Nylon (G) 
Phenolics (E) 
Plastisols, Viny! (1) 
Polyethylene (H) 
Polyester Resins (Q) 
Silicone Resins (8) 
Styrenes (P) 
Urea Formaldehyde (J) 
Vinyl Acetal (L) 
Vinyl Alcohol (K) 
Vinyl Chloride (Vv) 
Viny!-Chloride- 

Vinylidenechloride (Ww) 
Vinyl Chloride Acetate (M) 
Vinylidene Chloride «N) 


Bakelite Co., A Div. of Union Carbide & 
Carbon Corp., 420 Lexington Ave., New 
York 17, N. Y. (EFHJIMQUY) 

Celanese Corp, of America, 180 Madison 
Ave., New York 16, N. Y. (A) 

627 Green- 


Ciba Co., Inc., Plastics Div., 
wich, New York, N. Y. (U) 

Dow Corning Corp., Midland, Mich. (8S) 

du Pont de Nemours & Co. (Ine.), oe 
Polychemicals Dept., Wilmington 98. 
Del. (ADGKLPR) 

Durez Plastics Div.. Hooker priertze- 
Chemical Co., 1301 Walck Rd., Tona- 
wanda, N. Y. (E) (Casting estas) 

General Electric Co., Plastics Dept. 
Pittsfield, Mass. ( 8) 

Glastic Corp.. 4323 Glenridge Rd., Cleve- 
land 21, Ohio (Q) 

Goodrich Chemical Co., B. F., 3135 Euclid 
Ave., Cleveland 15, Ohio (INVW) 
Houghton Laboratories, Inc., 140 Houghton 

Ave., Olean, N. Y. (U0) 

Insulation Manufacturers Corp., 565 W 

Washington Bivd., Chicago 6, Ill. 
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Recommended 


for use in 
aviation, marine 
and general 
industrial 
Ar/O electrical 
a 


“$——_ systems. 


WN-5051 and WN-5091 with maximum peak inverse voltage 
ratings of 50-350 v. (up to 200 amperes in bridge assemblies). 


TYPICAL RECTIFIER CIRCUITS 


SU LO Cae) Three phase full wave bridge 


Sa For space-reducing design 
WN-5082 with ce where large blocks of D.C. 


maximum peak power are required. 


inverse voltage 
ratings of 50-300v. 
(300 to 5000 amperes 
in bridge assemblies.) 


Westinghouse SILICON” Rectifier cells 
pack more power in a smaller package! 


Recommended for greater reliability, highest efficiency and lowest cost 


For the progressive design or application engi- Provides more power in a smaller space 
neer in power, control or electronics . . . for any- Lowers installation cost 
one who builds or specifies rectifier assemblies * !S¥res minimum maintenance 
di tantl ki ‘ anti’ d Results in no detectable aging 
and is constantly seeking equipment design an Makes possible high ambient temperature operation 
operational improvement that: Improves A.C. to D.C. conversion efficiency 


Westinghouse Electric Corporation 


Semi-Conductor Division, Dept. EM YOU CAN BE SURE...1F ITS West i ngh ouse 


Youngwood, Pa. 
7ET-4101 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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CONTACT 
CATALOG 


Shows You How to 


Cut Contact Costs! 


Your design engineers, quality control, production and pur- 
chasing departments will all save valuable time and money 
by utilizing this new easy-to-use Deringer catalog which lists 
300 standard flat and radius faced contacts available in a 
wide range of metals—fine silver, gold, platinum, palladium, 
precious metal alloys, brass, steel, aluminum, etc. A wide 
variety of contacts in special sizes and shapes is also shown. 


Included are three handy contact selector sheets which con- 
tain design and order information on other contacts and cold- 
headed specialties. 


DERINGER_ 


METALLURGICAL CORPORATION 
8129 Monticello Avenue, Skokie, Illinois 


Please send a copy of your new catalog 
"300 Standard Contacts and Rivets."’ 


Name 





Company 





Street Adrress__— 
City 


INR tina: 


I A I cecil cecaarecteiteiia aia 


Minnesota Mining & Mfg. Co., Electrica! 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

Monsanto Chemical Co., Plastics Div. 
Springfield 2, Mass. (CEFV) 

Plastics Engineering Co., 1607 Geele Ave. 
Sheboygan, Wis. (E) 
Resin Industries, Inc., A Sub. of The 

Borden Co., Santa Barbara, Calif. 

Resistofiex Corp., Roseland, N. J. (P) 

Rogan Brothers, 8027 N. Monticello Ave. 
Skokie, Ill. (CEJ) 

Rostone Corp., Lafayette, Ind. (H) 
Schenectady Varnish Co., Inc., P.O. Boa 
1046, Schenectady, N. Y. (EQ) 
Shell Chemical Corp., 50 W. 50th, New 

York 20, N. Y. (U) 

U. 8. Gasket Co., Camden 1, N. J. (P) 

U.S. Rubber Co., Rockefeller Center, New 

York 20, N. Y. 


PLASTICS, SHEETS, RODS and TUBES 


AMP Incorporated, Chemical & Dielectrics 
Div., 155 Park, Elizabethtown, Pa. (Di- 
electric Sheets) 

Campco Div., Chicago Molded Products 
Corp., 2717 N. Normaniy Ave., Chicago, 
Ill. (Sheets only) 

Cleveland Container Co., 6201 Barberton 
Ave., Cleveland 2, Ohio (Tubes) 

Continental Can Co., Conolite Div., Wil- 
mington 99, Del. 

Continental-Diamond Fibre Div 
Budd Co., Inc., Newark 13, Del. 

Dixon Corp., Bristol 6, R. I. 

Eastman Kodak Co., Rochester 4, N. ¥ 

General Electric Co., Chemical Div., } 
Plastics Ave., Pittsfield, Mass. 

General Electric Co., Laminated and In 
sulating Products Dept., Coshocton, Ohic 

Glastic Corp., 4312 Glenridge, Cleveland 
17, Ohio 

Houghton Laboratories, Inc., 140 Houghton 
Ave., Olean. N. Y¥. 

Insulation Manufacturers Corp., 565 W. 
Washington Blvyd., Chicago 6, Til. 

Mica Insulator Co., Schenectady 1. N. Y 

Molded Fiberglass Sheet Co., 4315 Bene- 
fit Ave., Ashtabula, Ohio 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Polymer Corp. of Penna., 
Ave., Reading, Pa. 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif 

Resinite Corp., Div. of Precision Paper 
Tube Co., 6980 North Central Park, 
Chicago 45, Tl. 

Resistofiex Corp., Roseland, N. J. 

Ryerson & Son, Inc., Joseph T., Chicago 8 
Til 

Spaulding Fibre Co., 
Be 


of The 


2120 Fairmont 


Inc., Tonawanda 

Taylor Fibre Co., 

U. 8S. Rubber Co., 
Chicago 39, Til. 

Westinghouse Electric Corp., Gateway Cen 
ter. Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 30, Pa. 


Norristown, Pa. 
2638 N. Pulaski Rd 


PLATINUM and PLATINUM PROD- 
UCTS. See also Contacts. 


American Platinum Works, 231 New Jer 
sey Railroad Ave., Newark 5, N. J. 

ne Co., Inc., 113 Astor, Newark 5 

Brainin Co., C. 8., 318 Washington, Mt 
Vernon, N. Y. 

General Plate Div., Metals and Controls 
Corp., 1901 Forest, Attleboro, Mass. 
Handy & Harman, 82 Fulton, New York 

38, N. ¥ 
Ney Co., J. M., P.O 
Conn 
Wilson Co.. H 


Box 990, Hartford 1, 
A., Route 22, Union, N. J 


PLIERS and CUTTERS, WIRE 


Klein & Sons, Mathias, 7200 McCormick 
Rd., Chicago 45, Il 


PLUGS and JACKS, COMMUNICATION 


Richards Electrocraft, Inc., 3747 N. Ked- 
zie Ave., Chicago 18, Il 

Switchcraft, Inc., 1328 N. Halsted 
22. 1 


Chicago 


PLUGS and RECEPTACLES 


Alden Products Co., 117 N. Main 
ton, Mass 

Amphenol Electronic Corp., 1830 8. 54th 
Ave., Chicago 50, Tl. 

Arrow-Hart & Hegeman Electric Co., 103 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Co., 
Van Buren, Chicago 7, Il 

Belden Mfg. Co., 4633 W. Van Buren 


Chicago 44, Til 

Cannon Electric Co., Dept. 500, 3209 
Humboldt. Los Angeles 31, Calif. 

Orgstentio & Co., L. L., Route 46, Lodi, 

Cornish Wire Co., Inc., 50 Church, New 
York 7, N. Y. 

Crouse-Hinds Co., Syracuse 1, N. Y. 

General Electric Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Hubbell, Inc., Harvey, Bridgeport 2, Conn. 

Johnson Co., E. F., 2831 Second Ave., 
S. W., Waseca, Minn. 

Jones Div., Howard B., Cinch Mfg. Corp., 
Chicago 24, Ill 

Pass & Seymour, Inc., Solvay Station, Syra- 
euse 9, N. Y 

Pyle-National Co., 1388 N. 
Chicago 51, TL 

Royal Electric Corp., Pawtucket, R. I 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., 
Rochester 3, N. 

U. 8. Rubber Co., 
York 20, N. ¥ 


Brock 


1033 W 


Kostner Ave., 


Reckefeller Center, New 
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PLYWOOD, METALCLAD 
United States Plywood Corp., 55 W 
New York 36, N. Y. 


44th 


PORCELAIN. See Ceramics. 


POSTS, BINDING 
Superior Electric Co., 803 Middle, Bristol, 
Conn. 


POTENTIOMETERS. See also Rheostats. 
Allen-Bradley Co., 1316 8, Second, Mil 
Borg Equipment De. 
. \. 8. 
Corp., Janesville , 0. Bor 2i2. 
Riverside, Calif. 
Clurostat Mfg. Co., Inc., Dover, N. H. 
Calif. 
Helipot Corp., Div. of Beckman Instru 
Ohmite Manufacturing Co., 3613 Howard 
Skokie, Ill. 
Weston Electrical Instrument Corp., A sub 
of Daystrom. Inc., 614 Frelinghuysen 


waukee 4, Wis. Geerge W. Bers 
Bourns Laboratories, 
Giannini & Co., Inc., G. M., Pasadena 1. 
ments, Inc., Newport Beach, Calif. 
Stackpole Carbon Co., St. Marys, Pa. 
Ave., Newark 5, N. J. 


POTS and LADLES, MELTING 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N.Y. 
Vulcan Electric Co., Danvers 2, Mass. 


POWDERED METAL PRODUCTS. See 
also Bearings and Bushings; Contacts. 


Amplex Div. of Chrysler Corp., Detroit 31 
Mich 

Gibson Electric Co., 8349 Frankstown Ave 
Pittsburgh 21, Pa. 

Mallory & Co., Inc., P. R., 
6, Ind. 

Radio Cores, Inc., 9540 Tulley Ave., Oat 
Lawn, Ill. (Iron Cores) 

Stackpole Carbon Co., St. Marys, Pa. 

United States Graphite Co., 1621 Holland 
Saginaw, Mich. 

Yale & Towne Manufacturing Co., Powdered 
Metal Products Div., 9335 Belmont Ave 
Franklin Park, Il. 


Indianapolis 


POWDERS, METAL 


Ameriean Platinum Works, 231 New Jersey 
Railroad Ave., Newark 5, N. Y. . 
Handy & Harman, 82 Fulton, New York 
mS A 
New Jersey Zinc Co., 160 Front, New York 
38, N. Y. (Brass, Bronze, Copper and 

Zine) 


POWER SUPPLY UNITS 


American Television & Radio Co., 
1, Minn. 

Doelcam, Div. of Minneapolis- Honeywell 
Soldiers Field Rd., Boston 35, Mass. 

Electro Products Laboratories, Ine., 4501 
N. Ravenswood Ave., Chicago 40, Ill. 

Fansteel Metallurgical Corp., North Chi 
cago, Til. 

Mallory & Co., Inec., P. R., Indianapolis 6 
Ind. 

Superior Electric Co., 808 Middle, Bristol 
Conn 

Texas Instruments Inco ated, 6000 Lem 
mon Ave., Dallas 7, Texas. 

Universal Atomics Corp., 50 
bury, L. I., N. ¥ 

Western Gear Corp., P.O 
wood, Calif. 


St. Pau! 


Bond, West 


Box 182, Lyn 


PRE-PLATED METALS 
Brass, Copper, Steel, Zine, 
Strip) 

American Nickeloid Co., Peru 3, Til. 

Superior Electric Co., 803 Middle, Bristol 
Conn 


(Aluminum, 
Sheet and 


PUMPS 


Allis-Chambers, Milwaukee 1, Wis 

Bendix Aviation Corp., Scintilla Div., 
ney, N, Y. 

Robbins & Myers, Inc., Pump Div., Spring 
field, Ohio 


Sid 


PUSH BUTTON STATIONS 


Allen-Bradley Co., 1316 8. Second, 
waukee 4, Wis 

Allis-Chalmers, Milwaukee 1, Wis. 

Arrow-Hart & Hegeman Electric Co., 108 
Hawthorne, Hartford 6, Conn. 

Automatic Electric Sales Corp., 1038 W 
Van Buren, Chicage 7, Ill 

Clark Controller Co., 1146 E. 152nd, Cleve 
land 10, Ohio 

Crouse-Hinds Co., Syracuse 1, N. Y. 

General Electric éo., Apparatus Sales Div 
Schenectady 5, N. Y. 

Micro Switch, A Div. of Minneapolis 
Honeywell Regulator Co., Freeport, 11! 

National Acme Co., 176 E. 13ist, Cleveland 


8, Ohio 

Pyle-National Co., 1388 N. Kostner 
Chicago 51, Ill. 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. 

Stromberg-Carison, A Div. of Genera! 
Dynamics Corp. 117 Carlson Rd. 

600 South 


Mil 


Ave 


Rochester 3, N. ¥. 
Ward Leonard Electric Co., 
Mount Vernon, N. Y. 
Westinghouse Electric Corp., Gateway Cen 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa 


PYROMETERS 

Assembly Products, 
Ohio 

Bristol Co., Waterbury 20, Conn. 

Thermo Electric _Co., Rochelle Park Post 
Office, Saddle Brook, N. J. 


Inc., Chesterland 14 


MANUFACTURING 





When one of many requirements is 


DIELECTRIC STRENGTH 
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... get the others too with DUREZ PHENOLICS 


Among all materials the phenolics are 
unmatched for combining dielectric strength 
with other properties — electrical, thermal, 
and mechanical—required by many of 
today’s engineered products. 

It pays so often to turn first to the 
Durez phenolics because they are excellent 
self-insulators, having a high dielectric 
constant, low water absorption, and good 
power factor. 

Due to their dimensional stability, Durez 
plastics are specified with confidence by 


engineers and recommended by molders 
for close-tolerance components. Impact 
strength and heat resistance are added major 
advantages in a wide range of applications. 

To help your molder assure the results you 
want at lowest cost, many types of Durez 
permit easy preforming and molding in auto- 
matic machines. Talk your problem over with 
him...or let us send you engineering data. 

At your service is the experience and 
engineering service that have made Durez 
the most widely used phenolics. 


Phenolic Plastics that Fit the Job 


DUREZ PLASTICS DIVISION 


HOOKER ELECTROCHEMICAL COMPANY 


READER INQUIRY SERVICE CARDS, PRECEL 


1301 WALCK ROAD, 


JING BACK COVER 


pda 


CHEMICALS 
PLASTICS 


NORTH TONAWANDA, N. Y. 





ANSFORMERS 


Transformers, Saturable 
Reactors, Chokes, Special 
Windings and Electronic 
Devices. Milliwatts to 50 
KVA, single or polyphase in 
all frequencies. 


Complete design and engi- 
neering service. All modern 
techniques, encapsulation, 
casting, military and 
commercial construction. 


And, we’ve got one asset 


you'll find especially helpful: 


WE TRY HARDER! 


Write for Bulletin 53D 


ELECTRAN MFG. CO. 


1901 CLYBOURN AVENUE + CHICAGO 14, ILLINOIS 


The finest 
MAGNETIC 
SOLENOID 
CONTACTORS 
are made by 


and here’s why: 
e Simple design . . . rugged construction sve 
finest materials. 
e Simplified wiring. 


e All parts easily accessible for service with- 
out disturbing other parts. 

e Fine silver contacts...plus heavy 
compression springs... assure maximum 
conductivity. 

Available in 1 to 5 pole, 25 and 50 amp. sizes. 
Other contactors, magnetically or 
mechanically held, up to 400 amps. 


Send today for free bulletin. 


See classified telephone 
directory for 

local distributor. 
152 W. WALTON ST. 


CHICAGO 10. ILL. 
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Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 


Ave., Newark 5, N. J. 
Wheelco Instrument Div., Barber-Colman 


Co., 1403 Rock, Rockford, Il. 
REACTORS. See Transformers. 


RECORDER COMPONENTS, MAGNETIC. 
See Instruments. 


RECORDERS, COMPUTER, See Instru- 
ments, Electronic. 


RECORDERS, GRAPHIC 
See Instruments. 


RECORDERS, OSCILLOGRAPHIC 


Brush Electronics Co., 3405 Perkins Ave.. 
Cleveland 14, Ohio 

Midwestern Instruments, 41st and Sheridan 
Rd., Tulsa, Okla. 

Sanborn Co., Industrial Div., 
Cambridge 39, Mass. 


39 Osborn 


RECTIFIERS, SEMICONDUCTOR 


Fansteel Metallurgical Corp., Rectifier Div., 
North Chicago, Ill. (Selenium) 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. ¥. (Selenium, Copper 
Oxide, Industrial Germanium) 

General Electric Co., Electronics Div., 
Electronics Park, Syracuse 1, N. Y. 
(Germanium Diode) 

International Rectifier Corp 
Grand Ave., El Segundo, Calif. 


ium) 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. (Magnesium-Copper Sulphide) 

Radio Receptor Co., Inc., Semiconductor 

., 240 Wythe Ave., Brooklyn 11, N. Y. 
(Germanium Diode, Selenium) 

Sarkes Tarzian, Inc., Rectifier Div., 
M-8, 415 N. 
Ind. 

Syntron Co., Homer City, Pa. 

Ther Electric & Machine Works, 11A 8. 
Jefferson, Chicago 6, Ill. (Selenium) 
Transitron Electronic Corp., Melrose 76, 

Mass. (Silicon) 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 18, Pa. 
(Selenium) 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


1521 E. 
(Selen- 


Dept. 
College Ave., Bloomington, 


RECTIFIERS, TUBE TYPE 


Allis-Chalmers, Milwaukee 1, Wis. 

Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y. 

Eitel- -MeCutlough, _Inc., San Bruno, Calif. 

os ae Ine., 127 Sussex Ave., Newark 3, 

General Electric .. 
Schenectady 5, N 

Radio Corp. of America, Tube Div. 
rison, N. J. 

Westinghouse Electric Corp., 
ter, Bidg. No. 3, 401 
Pittsburgh 30, Pa. 


{owe Sales Div., 
. Har- 


Gateway Cen- 
Liberty Ave.. 


REGULATORS, MOTOR SPEED. See 
Controllers, Motor. 


REGULATORS, 
Thermostats. 


TEMPERATURE. 


REGULATORS, 
Transformers, 


VOLTAGE. See 
Variable Voltage. 
Acme Electric Corp., Cuba, N. Y. 
Allis-Chalmers, Milwaukee 1, Wis. 
Amperite Co., Inc., 561 Broadway, New 
York 12, N. Y¥ 
Curtiss-Wright Corp., Carlstadt, N. J. 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 
R-B-M Div., Essex Wire Corp., Logans- 


port, Ind 
4633 W. 16th, Chicago 


Sola Electrie Co., 
50, Til 
803 Middle, Bristol, 


Superior Electric Co., 
Conn. 
Westinghouse Plectric Corp., Gateway Cen- 


ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30. Pa. 


A'G’A Div. of Elastic Stop Nut Corp.. 
(Mercury) 
50 State, Mankato, Minn. 
waukee 4, 
Allis-Chalmers, Milwaukee 1, Wis. 
Arrow-Hart & ae Revste Co., 103 
Ohio 
1033 W. 
Barber-Colman Co., 
Waterbury 20, Conn. 
(Time Delay) 


RELAYS and CONTACTORS 
of spun. 1027 Newark Ave., Elizabeth 
3, N. J. 

Adams & Westlake Co., Elkart, Ind. 

AEMCO. Inc., 

Allen- eee ™. 1316 8. Second, Mil- 

Allied Control 1 Go., e. 2 East End Ave., 
New York 21, N. 

.. Inc., 561 Broadway, New 
N.Y. (Delay Thermostatic 
) 
Hawthorne, Hartford 6 
Assembly Products, Ine., Chesterland 14, 
Automatic Electric Sales Corp., 
Van Buren, Chicago 7, Ill 

Automatic Switch Co., ‘393 Lakeside Ave., 

Orange, N. J 
Dept. A, 1403 Rock, 
Rockford, Il. 

Bristol Co., 

Bristol Motor Div., Vocaline Co. of 
America, Ine., Olid Saybrook, Conn. 

Clare & Co., C. P., 3101 Pratt Blvd., 
Chicago 45, Til. 
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Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. 


Cramer Controls Corp., Box 8, Centerbrook, 


Conn. 

Curtiss-Wright Corp., Carlstadt, N. J. 
(Time Delay) 

Durakool, Inc., Elkhart, Ind. (Mercury) 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N. 

Migis National Watch Co. Electrontes Div., 

2435 N. Naomi, Burbank, Cali 

Federal Telephone and Radio 4 Div. of 
International Telephone ane Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Filtors, Inc., 30 Sooner ‘Hill Dr., Port 
Washington, L. I. N. 

G-V Controls Inc., % Hollywood Plaza, 
East Orange, N. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, 

Grayhill Ine., 539° Hillgrove Ave., Le 
Grange, Ill 

Guardian Electric 1627-A W. Walnut, 
Chicago 12, IL 

Hart Manufacturing Co., 211 Bartholomew 


Ave., Hartford 1, Conn. 
Haydon Co., A. W., 234 N. Elm, Water- 


bury 20, Conn. 
Haydon Mfg. Co., Inc., 2534 Elm, Tor- 
rington, Conn. 
Meintmens Electric Co., 99 Plum, Trenton 
2, N. J. (Time delay) 


Kellogg Switchboard and Supply Co., 79 
W. Monroe, Chicago 8, Ill. (Magnetir 


Impulse) 

Leach ., Leach Relay Div., 5915 Ava- 
lon Blvd., Los Angeles 3, Calif. 

Magnecraft Blectric Co., 3352 W. Grand 
Ave., Chicago 51, Ill. 

Mercoid Corp. 4201 Belmont Ave., Chicage 


Monitor Controller, Rockland, Mass. 
North Electric Co., 587 S. Market, Galion 


Ohio 

Onmite ‘See Co., 3613 Howard 
Skokie, Ill. 

ey yet Corp., 59 W. Washington 
oliet 

Potter & Brumfield Mfg. Co., Inc., Sub 
of American Machine & Foundry Co., 
Princeton, Ind. 

Price Electric Corp., 
rick, Md. 

R-B-M Div., 


1500 Church, Frede- 
Essex Wire Corp., Logans- 
port, Ind. 
Relay Sales, Inc., P.O. Box 186B. West 
Chicago, Til 


Servo-Tek Products Co., Inc., 1086 Goffle 
Rd., Hawthorne, N. 

Square D Co., 4041 N. Richards, Milwau 
kee 12, Wis. 

Stromberg-Carison, A Div. of Genera) 
Dynamics Corp.. 117 Carlson Rd. 
Rochester 3, N. Y. 

Union Switch & Signal Div., Westinghouse 
Air Brake Co., Pittsburgh 13, Pa. 
Ward Leonard Electric Ce., 600 South 

Mount Vernon, N. Y. 

Westinghouse Plectric Corp., Gateway Cen 
ter, Bldg. No. 8, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp.. A sub 
of Daystrom, Inc.,614 Frelinghuysen Ave 
Newark 5, N. J. 

Wheelock Signals, 1 Inc., 
Ave., Long N. 

Zenith’ weenie = 152 W. Walton, Chi- 
cago 10, Tl. 


273 Branchport 


REMOTE CONTROLS. See Push Button 
Stations; Relays and Contactors 
Switches; Controls, Pressure and Tem 
perature. 


RESINS, INSULATING. See Varnishes 
Com| 


and Resins, Insulating 


RESISTANCE ALLOYS 

Driver Co., Wilbur B., 150 Riverside Ave 
Newark 4 J 

Driver-Harris Co 

Kanthal Corp 
Conn 


Harrison, N. J 
Amelia P! Stamford 


RESISTANCE HEATING aren. See 
Heating Elements and Uni 


RESISTANCE LINE CORDS 


General Electrie Co., Construction Mate 
rials Div., Bridgeport 2, Conn. 


RESISTANCE WIRE. See Wire, Resist 
ance. 


RESISTORS, INSTRUMENT and RADIO 
Aerovox 


Corp., New 

Allen- mney Co., 
waukee 4, Wis. 

Co., Inc., 561 


Amperite 
York 12, N. ¥. 
Centralab Div. of Globe-Union, Ine. 
962A E. Keefe Ave., Milwaukee 1 — 
Clarostat Mfg. Co., Inc., Dover, N. 
Dale Products, Inc., 1306 28th Ave., 
bus, Nebraska 
Fastman Kodak Co., Rochester 4, N. Y 
= Resistor Corp., Blectronics Div., Erie 


Cate Corp., Gulton Lae Inc., 212 
Durham Ave., Metuchen, N. 

a 4s Hindie, Inc., 40 une, New- 

Mallory & ‘o., Ine., P. B., Indianapolis 


6, Ind 
a. Mfg. Co., 3613 Howard, Skokie, 
Har- 


Ratio Corp. of America, Tube Div., 
13th, 
Harrisburg, Pa. 
Stackpole Gabe Co., St. Marys, Pa. 
Ward Leonard ma Co., 600 South, 


Bedford, Mass. 
1316 8. Second, Mil- 


Broadway, 
. (Bulb Type) 


New 


rison, N. J. 
Resistance Products Co., 914 8. 
Square D =: 4041 N. Richards, Milwau- 
kee 12, 
Texas Instruments, Inc., 6000 Lemmon 
Ave., Dallas 9, Texas 
Mount Vernon, N. 
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WAGNER ELECTRIC MOTORS 


THE CHOC E “CF 


LEADERS IN INDUSTRY 


smaller, lighter 
fractional 
horsepower 


Pe Se ye apy by 


solves 


“ip FrObLblems for 
= the design 


engineer 


Type RK, Capacitor-start, Ys, or % hp. 


the WAGNER “48” 


Here’s the 48 frame motor you’ve been looking for! 
The Wagner “48” capacitor-start motor with either 
resilient or welded rigid base. You get the standard 
48 frame size, with from three to eight pounds less 


weight per motor than previous models of the same 
hp ratings! 


The Wagner “48” is rugged enough to permit direct 
mounting, compact enough to fit in tight spots, will 


ALL ANGLE OPERATION. You can mount the 
Wagner ‘'48"' at any angle. A new lubrication 
system assures positive protective lubrication 


in any position. endplates. 


EASY TO CONNECT. Just loosen one screw for 
access to terminal board. EASY TO SERVICE 
- +» no need to disconnect leads when removing 


operate efficiently when mounted at any angle. 
Through ventilation assures cool operation that adds 
to motor life. 


If you would like to test the Wagner “48”, one of our 
field engineers will be glad to furnish a sample motor. 
Contact the Wagner Branch near you or write to 
the factory. 


Bh, Pee ‘ 

ALSO AVAILABLE IN SPLIT-PHASE TYPE. The 
Wagner ‘'48"' is also furnished in split-phase 
type, with resilient or rigid base in ratings of 
Vg. Ye and Yy hp. 


BRANCHES AND DISTRIBUTORS IN ALL PRINCIPAL CITIES 


Wagner Electric @rporation 


6454 Plymouth Ave., St. Louis 14, Mo., U.S.A. 


ELECTRIC MOTORS e TRANSFORMERS « INDUSTRIAL BRAKES +« AUTOMOTIVE BRAKE SYSTEMS—AIR AND HYDRAULIC 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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ENCLOSURES 
and PANELS 


A complete range from |2x !2" 
to 60x90". These new engi- 
neered enclosures comply with 
J.C. specifications and are 
available to help you solve 
your junction box requirements 
at lower prices. 


* Send for Standard 
Size and Price List 


Hw. F. 


GRAND 


Standard Price Includes: 


1. PRIME COAT 
NEOPRENE GASKET 
SUB PANEL 

. MOUNTING LUGS 

. CAPTIVE SCREWS 


We fabricate custom 
enclosures of all types ® NJ 


* Oo p 4 ei Oo e 601-607 OTTAWA N. W. 


ee 2, ee ee | 


5 reasons why 


you should specify 
T&B Sta-kon* Terminals 


Pre o< 


HIGH CONDUCTIVITY... Pure electrolytic cop- 
per tongue. Long stake mark assures large 
contact area for low resistance and low volt- 

age drop. 
TIGHT, SURE CONNECTIONS... Serrated tongue and 
barrel never relax grip on cable. Once staked, 

T &B Sta-kon Terminals are on to stay. 

EASY TO INSTALL... without flame, heat or flux. 
A T&B Shure-Stake hand tool is all you need 
to stake terminal to cable...bench tools also 

available. 

CORROSION RESISTANT... Cable and barrel are com- 
pressed into a solid mass. There are no voids to 
permit interior attack from corrosive agents or 

atmospheres. 

AVAILABLE IN A COMPLETE LINE... Including “specials”. 
Wire sizes 22 to 4/0. Varied tongue styles and stud 
sizes, with and without insulation. 

For information on the complete line of T & B Sta-kon ter- 
minals send for your FREE copy of T & B Bulletin #62 today. 
: T 321 
THE THOMAS & BETTS CO. 
INCORPORATED 


28 Butler Street, Elizabeth 1, New Jersey 
THOMAS & BETTS LTD., MONTREAL, P. Q., CANADA 
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| Toledo Commutator Co., 


| Enjay Co., Inc. 


Weston Electrical Instrument Oorp., A 
sub. of Daystrom, Inc., 614 Frelinghuy- 
sen Ave., Newark 5, N. J. 


RESISTORS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8. Second, Mil 
waukee 4, Wis. 

Dale Products, Inc., 1306 28th Ave., 
Columbus, Nebraska 

a. 7 Corp., lectronics Div.. 

e, Pa 

General Electric >. useretns Sales Div. 
Schenectady 5, 

Hardwick Hindle. a2 40 Hermon, New- 
ark 5, N. J. 

Mallory & Co., Inc., P. R., Indianapolis 


6, Ind. 
Chastte Mfg. Co., 3613 Howard, Skokie, 


ward Leonard Blectric Co., 600 South, 
Mount Vernon, N. Y. 


RESOLVERS. See Servomechanisms. 


RHEOSTATS, INSTRUMENT and RADIO 
Allen- Booey oe. 1316 8. Second, Mil- 


waukee 4 
Amperite Co., hes. 561 Broadway, New 
(Bulb Type) 


Indianapolis 


York 12, N. Y. 
Clarostat Mfg. Co., Inc., Dover, N. H. 
Hardwick, Hindle, Inc., 40 Hermon, New- 
as Co., Inc., P. R., 

ontnite Mfg. Co., 3613 Howard, Skokie, 

Rex Rheostat Co., Baldwin, N. Y. 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y. 

RHEOSTATS, POWER CIRCUIT 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis 

Clarostat Mfg. Co., Inc., Dover N. H. 

General Mectrie Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Hardwick, Hindle, Inc., 40 Hermon, New- 
ark 5, N. J 
National Electric Controller Co., 7070 
Glenwood Ave., Chicago 26, Ill. 

Comite Mfg. Co., 3613 Howard, Skokie, 

Rex Rheostat Co., Baldwin, N. Y 

—— Plectric Co., 803 Middle, Bristol, 
ann 

Ward Leonard Electric Co., 600 South, 
Mount Vernon, N. Y 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bildg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

RINGS, COLLECTOR 

Baker & Co., Inc., 113 Astor, Newark 5, 
N. J. (Precious Metal) 

Electro Tec Corp.. 4 Romanelli, South 
Hackensack, N. J. 

General Plate Div., Metals & Controls 
Corp., 1901 Forest, Attleboro, Mass. 
(Precious Metal) 

Graphite Metallizing Corp., 1059 Nepper- 
han Ave., Yonkers 3, N. Y. 

Ney Co., J. M., P.O. Box 990, Hartford 1, 
Conn 

Nippert Electric Products Co., 1759 W 
Mound, Columbus 238, Ohio 

South Chestnut, 


Owosso, Mich 
Triple “‘M’’ Electronents Div., Midwest 
Molding & Mfg. Co., Gurnee 96, Ill. 
Wilson Co.. H. A., Route 22, Union. N. J. 


RINGS, RETAINERS and SNAP 


Associated Spring Corp., Bristol 


Conn. 
Garrett Co., Inc., George K., 


Philadelphia 


Pa. 

Industrial Retaining Ring Co., Dept. E-12, 
57 Cordier, Irvington 11, N. J. 

National Lock Washer Co., 
Newark 5, N. J. 

Batic ne Laboratories, Inc., Boon- 
on 

U, 8. Gasket Co., Camden 1, J. 

Waldes Kohinoor. Inc., 47-16 Mea Pi., 
Long Island City 1, N. Y. 


40 Hermon, 


RIVETS. See Fasteners. 


RIVET SETTING MACHINES 
Chicago Rivet & Machine Co., 
Jackson Bivd., Bellwood, Til 
Milford Rivet & Machine Co., 

Conn. 


9609 W. 
Milford, 


ROLLER BEARINGS. See Bearings, Ball 
and Roller. 


RUBBER and RUBBER PRODUCTS 


Acadia Synthetic Products, Div. Western 
Felt Works, 4021-4139 W. Ogden Ave., 
Chicago 23, Ill. (Silicone) 

Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. (Silcone) 

Connecticut Hard Rubber Co., 419 East, 
New Haven, Conn. 

Dow Corning Corp., Midland, Mich. 
(Silicone) 

, 15 West 5ist, 
19, N. ¥. 

General Electric Co., Dept., 
Pittsfield, Mass. 

Goshen Rubber Co., Inc., P. O. Box 517, 
Goshen, Ind. 

Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
Parker Appliance Co., 17325 Buclid Ave., 

Cleveland 12, io 

Phoenix Manufacturing Co., Rubber Prod- 
ucts Div., Joliet, Il. 

Raybestos-Manhattan, Ine., 
ucts Div. Manheim, Pa. 

Seamless Rubber Co., New Haven 3, Conn 

Stalwart Rubber Co., 197 Northfield Rd., 
Bedford, Ohio (Silicone) 


U.S. Rubber Co.. Rockefeller Center, New 
York 20, N. Y 


New York 
Plastics 


Plastic Prod- 


SAWS, COMMUTATOR. See Commutator 
Saws and Slotters. 


SCRAPER RINGS. See Rings, 
and Snap. 


Retainer 


SCREW DRIVERS, 
Tools, Portable. 


PORTABLE. See 


SCREW MACHINE PRODUCTS. See also 
Fibre; Plastics. 


Aluminum Co, of America, Alcoa Bidg., 
Pittsburgh 19, Pa. 

Chase Brass & Copper Co., Waterbury 20, 
Conn. 

Master Appliance Mfg. Co., Racine 2, Wis. 

Milford Rivet & Machine Co., Milford, 
Conn. 

National Acme Co., 176 E. 
land 8, Ohio 


13lst, Cleve 


SCREWS. See Fasteners 


SEALING COMPOUNDS. See Cements 
Insulating and Sealing; Waxes and Com- 
pounds 


SEALS and TERMINALS, HERMETIC 


American Lava Corp., Chattanooga 5, Tenn 

Amphenol Electronics Corp., 1830 S. 54tb 
Ave., Chicago 54, Ill. 

Constantin & Co., L. L., Route 46, Lodi, 
N. J 


Ave.. 
Fusite Corp., 6928 Cin- 
cinnati_13, Ohic 
General Ceramics Cerp., Keasbey, N. J. 
General Electric Co., Apparatus Sales Div.. 
Schenectady 5, N. Y. (Glass Bushings) 
Hermaseal Co., Inc., 1010 Main, Elkhart 


Ind. 
Phillips Control] Corp., *9 W. Washington, 
Joliet, Ill 


Electrical Industries, 
Newark 4, N. 


44 Summer 


Fernview Ave., 


SEALS, MECHANICAL. (Rotary Shaft) 
Crane Packing Co., 6424 Oakton, Morton 


Grove, Ill. 
Garlock Packing Ce., Palmyra, N. Y 


SEALS, OIL and GREASE 

Chicago Rawhide Mfg. Co., 1301 Elston 
Ave., Chicago 22, Ill. 

Gits Bros. Mfg 1840 S. Eilbourne 
Ave., Chicago 23, Ill. 

Syntron Co., Homer City, Pa. 

U. 8. Gasket Co., Camden 1, N. J 


SELENIUM RECTIFIERS. See Rectifiers 
Semiconductor. 


SEMICONDUCTOR PRODUCTS. Ree 
Rectifiers, Semiconductor; Transistors and 
Crystal Diodes. 


SERVOMECHANISMS _ (Controls, 
ehros, ete.) Also see Motors. 

Bristol Co., Waterbury 20, Conn. 

Clifton Precision Products Co., Inc., Clif- 
ton Heights, Pa. 

Diehl Manufacturing Co., Electrical Div 
of The Singer Manufacturing Co., Somer- 
ville, N. J. 

Doelcam, Div. of Minneapolis-Honeywell. 
Soldiers Field Rd., Boston 35, Mass. 
Eclipse-Pioneer Diy., Bendix Aviation 

Corp., Teterboro, N. J. 

Oster Manufacturing Co., John, Racine. 

of Electro-Devices, 


Wis. 
Servospeed Co., Div. 
Inc., 4 Godwin Ave., Paterson 1, N 
Germantown Pike & 
Quarryball Rd., Fairview Village, Pa. 


Syn- 


Transicoil Corp., 


SHAFTS, FLEXIBLE 


Stewart Corp., F. W., 4211-13 Ravenswood 
Ave., Chicago 13, Tl. 
U. 8. Gasket Co., Camden 1, N. J. 


SHEAVES. See Drives, Belt. 

SHEET METAL FABRICATORS 

Alden Products Co., 117 N. Main, Brockton 
64, Mass. 

Cox Co., H. F., 601 Ottawa Ave., N.W., 
Grand Rapids 2, Mich. 

Hoffman Engineering Corp., Dept. EM-62 
Anoka, Minn, (Terminal and Pull Boxes) 

Kirk & Blum Manufacturing Co., 3122 

Forrer, Cincinnati 9, Ohio 


SHEETS, ELECTRICAL.’ See Steel, 
trical. 


SHIELDS, ELECTRON TUBE 


International Electronic Research 
145 W. Magnolia, Burbank, Calif. 


SIGNAL DEVICES 


Crouse-Hinds Co., Syracuse 1, N. Y. 
Pyle National Co., 1388 N. Kostner Ave.. 
Chicago 51, Til. 
Wheelock Signals, 


Inc., 273 Branchport 
Ave., 


Long Branch, N. J. 


SIGNAL LIGHT ASSEMBLIES. 
Lights, Pilot and Indicator. 


See 


SILICON DIODES. See Transistors and 
Crystal Diodes. 


SILICONES 


Continental-Diamond Fibre Div. of The 
Budd Co., Ine., Newark 13, Del. 

Dow Corning Corp., Midland, Mich. 

General Electric Co., Silicone Products 
Dept., Waterford, N. Y. 
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News about 


B.EGoodrich Chemical raw materials 
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CORROSION-RESISTANT PIPING . . . rigid piping of Geon PVC does 
the job where ordinary materials fail. Immune to galvanic corro- 
sion. Light weight, easy to install. 


SUPERIOR INSULATION ... Geon insulated wire is ideal for machine 
tools and similar equipment where wiring is exposed to oil and 
solvents. Non-flammability is important feature. 


LONG-LASTING FILTER... this rigid Geon filter part used in corrosive 
plating solutions outlasted metal 6 to 1. 


Design with Geon for 
resistance to chemical 


attack, flame, or abrasion 


GC. polyvinyl materials offer excep- 
tional advantages... inertness or 
resistance to attack by most acids, alkalis, 
oils, and solvents, as well as water. Abrasion 


resistance is outstanding. 


This versatile material can be extruded or 
molded into rigid products like piping, ex- 
truded into flexible products like insulation. 
Or it can be applied as a coating on metals 
or fabrics. Where you need exceptional 
durability and resistance use Geon. For com- 
plete information write Dept. DK-1, B. F. 
Goodrich Chemical Company, 3135 Euclid 
Ave., Cleveland 15, Ohio. Cable address: 


Goodchemco. In Canada: Kitchener, Ont. 


B.F.Goodrich Chemical Company 
A Division of The B.F.Goodrich Company 


B.EGood rich / ceon potyiny! materials » HYCAR American rubber and latex + GOOD-RITE chemicals and plasticizers « HARMON colors 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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FOR 
LABORATORY 
AND 
PRODUCTION 
IMPEDANCE 
TESTING 


Tests Resistors, Condensers, inductors 

Percentage Deviation From Standard 

Read On Large Meter habia 
Rapid Response — No Buttons To Push yi] g i) 00 
High Accuracy And Stability or 


Self Calibrating — Requires No NEW YORK 
Recalibration When Changing Ranges 


SPECIFICATIONS 

Bridge Supply Volts ..2 volts 
Component Voltage At Balance....1 volt 
Frequency . . . Either 1,000 C.P.S., or 10,000 C.P.S. 
Full Scale Ranges ...+5%, +10%, +20% 
Component Test Ranges: 

Resistance ---5 ohms -5 megohms 

Capacitance - - - 50 mmf - 20 mfd 

Inductance - - - 100 microhenry - 80 henries 
Power Supply --- 105-125 volts, 60.C.P.S. 


Representatives in Principal Cities 
INDUSTRIAL TEST EQUIPMENT CO. 


535 EAST 11th STREET © NEW YORK 3, N.Y. 


El Ray manufactures 
fractional H. P. 

electrical motors 
to meet any 
specifications 


HERE IS THE MOTOR 
TO FIT YOUR SPECS 


Model 1700-3 


CHECK THE SPECS: : 


Typical of the fractional H. P. 
Electrical Motors designed and 
manufactured by El Ray is the 
Model 1700-3, a D. C. plane- 
tary geared motor with clutch. 


VOLTAGE: 
28 VDC 


CURRENT: 
1.3 amps, full load 


OUTPUT: 


150 oz. inches @ 


o 
a 
s 
2 
. 
7 
a 
* 
* 
¢ On all designs, mountings lead 
* 
60 RPM, Clutch ° 
s 
.* 
» 
* 
. 
+o 
© 
* 
» 
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configurations, shaft lengths 
and shaft diameters are furn- 
ished to your specifications. All 
units meet or exceed Govern- 
ment environmental standards. 
Write for literature showing 
complete line of basic designs. 


Setting for slippage 
ot 165 oz. inches 


LENGTH: 


From mounting 
flange, 4.025 inches 


DIAMETER: 
1.125 inches 
EL RAY 
MOTOR CO., INC. 
11747 Vose Street 
North Hollywood 
California 


WEIGHT: 


12 ounces 


Insulation Manufacturers Corp., 565 W goL_LDERLESS CONNECTORS. See Con- 
Washington Blvd., Chicago 6, Ill. nectors, Wire and Cable. 

National Vulcanized Fibre Co., Wilming- 
ton 99, Del 

Natvar Corp., 207 Randolph Ave., Wood. SOLDER PRE-FORMS. See also Brazing 
bridge, N. J Alloys, Silver 

Taylor Fibre Co., Norristown, Pa. Handy & Harman, 82 Fulton, New York 

Union Carbide & Carbon Corp., Silicone 3. ON. Y 
Div., 420 Lexington Ave., New Yor& li. Kester Solder Co., 4209 Wrightwood Ave 
N.Y Uhicago 39, lil 


SILVER and SILVER ALLOYS. See alw SOLDER, SELF-FLUXING 
Contacts and Contact Points. For Solder For Silver Solders see Brazing Alloys 
see Brazing Alloys, Silver. Kester Solder Co., 4209 Wrightwood Ave. 
ae & Co., Inc., 113 Astor, Newark 5 Chicago 39, Ill. 
National Lead Co., 111 Broadway, New 
Brainin Co., C. S., 318 Washington, Mt York 6, N. ¥ 
Vernon, N. Y : 
8 
eS ee Corp., North Chi SOLENOIDS 
General Plate Div., Metals and Contro! Allen-Bradley Co., 1316 8. Second, Mil 
Corp., 1901 Forest, Attleboro, Mass waukee 4, Wis. ; 
Graphite Metalizing Corp., 1059 Nepper Automatic Electric Sales Corp., 1033 W 
han Ave., Yonkers 38, N. Y. Van Buren, Chicago 7, IIL 
Handy & Harman, 82 Fulton, New York Automatic Switch Co., 393 Lakeside Ave 
7  Y Orange. N. J. 

Mallory & Co., Inc., P. R., Indianapolix Cannon Electric Co., Dept. 500, 3200 
6, Humboldt, Los Angeles 31, Calif 
Ney Co., J. M., P.O. Box 990, Hartford 1, Comar Electric o. 3349 W. Addison 

Conr Chicago 18, 

Sel Rex Corp., 155 Manchester Pl., Controls Co. a ’ America, Soreng Div 
Newark 4, N. J 9551 Soreng Ave., Schiller Park, Lil 
Wiison Co.. H, A., Route 22, Union, N. J. Desa, Sell Co., 2435 Hilton Rd., Detron 

ic 

General Electric e. oversees Sales Div. 
Schenectady 5, 

Guardian ANS TO... 1627-A w 
Walnut, Chicago 12, Iil. 

Leach Relay Div., Leach Corp., fl Ave 
lon Bivd., Los Angeles 3, Calif 

Leetronics, Inc., Dept. EM-10, 30 Main. 

Brooklyn 1, N.Y. 
SLEEVING and TAPE, ASBESTOS Leland, Inc., G. H., 123 Webster, Dayton 


, 2, Ohio 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, Ill. Master Appliance Mfg. Co., Racine 2, Wis 


Johns-Manville, Box 60, New York 16, ee ae Sh. Oe Eee, Cae 


Ohio 
Ine, Plastic Prod- 4 Contro Corp., 59 W. Washington 
R-B-M a Exsex Wire Corp., Logans 
port, 
SLIDE ASSEMBLIES oe oom, t. P.O. Box 186B, Wes: 
cago 
-y eayeee Laboratories, Inc., Boon Trombetta’ Solenoid Corp., 329 N. Mi) 
eer waukee, Milwaukee 2. Wis. 
West Gooat Electrical Mfg. Corp. 233 W 
116 Los ptnesien 61, Cali 


Werthuahwans Electric Corp., eee, Cen 
ter, Bldg. No. 3, 401 Liberty Ave 
Pittsburgh 22, Pa. 


SLEEVE BEARINGS. See Bearings and 
Bushings 


SLEEVING, SATURATED. See Tubing 
and Sleeving, Braided Fabric. 


Y 
netenee Manhattan, 
ucts Div., Manheim 


SLIDE RULES, CALCULATING 
Keuffel & Esser Co., Hoboken, N. J. 


SLIP RINGS. See Rings, Collector 


SLOT INSULATION. See Fabric, Insulat- 
ing; Mica; Paper, Insulating; Tubing and SPEED INDICATORS. See Tachometers 


Sleeving, Braided Fabric. 
SPEED REDUCERS and DRIVES 
For Motorized Units, see Motors. 


Allis-Chalmers, Milwaukee 1, 


SLOTTERS, MICA. See Commutator Saws 


and Slotters. 
Bowmar Instrument Corp., Penp 

SOCKET SCREW KEYS and sylvania Ave., Ft. Wayne, Ind. 

WRENCHES omer Electric Co., 1806 Pine, St. Louis 

. Mo. 

Ate Sees Co., 133 Sheldon, Cone-Drive Gears Div., Michigan Tool Co 
Bristol Co., Waterbury 20, Conn. 7171 B. MeNichols Ra... Detroit 12, Mich 
Standard Pressed Steel Co., Jenkintown 9, — Mfg. , Dynamatie Div., Kenosha 

Pa. 


eunet monte & Co., e puperstas Sales Div.. 
SOCKETS and ADAPTERS, RADIO. See , ,Schenecta 
Plugs and Receptacles. Lait Giant) Products Inc., 1580-50 N 
SOCKETS and RECEPTACLES, LAMP —-AHl0 Gear Co., 1858 East 179th, Cleveland 
Arrow-Hart & Hegeman Electric Co., 103 Reeves Pulley Co., Columbus, Ind 
Hawthorne, Hartford 6, nn. 
Automatic Electric Sales Corp., 1033 W. gpoo_s, wire 
Van Buren, Chicago 7, II. 
Dialight Com., 44 Stewart Ave., Brook- Hubbard Spool Ce., Garrett, Ind 
lyn 37, N 
. 1711 W. Hub- 
a. “Ghee Be fi mt : stom Mau, SPRINGS. COIL and FLAT 
neral ectric Co. nstruction Mate- Accurate Spring Mfg. Co., 3817 W. Lak 
rials Div., Bridgeport 2, Conn . Chicago 24, ath . : 
Mandex Manufacturing Co., Inc., 2610 w. Amerionn Spring and Wire Specialty Co 
16th, Chicago 8, IIl. 816 N. Spaulding Ave., Chicage 51, Ill 
Pass & Beymer. Inc., Solvay Station, Syra- American Steel & Wire Div., U. 8. Stee! 
— 9, N Gop. Rockefeller Bldg., Cleveland 13 


U. S. Gasket i Camden 1, N. J. Ohio 
Associated Spring Corp., Bristol, Conn. 
Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. 
Barnes-Gibson-Raymond, Div. Associated 
Spring Cn. on Plymouth Rd 
Le a 
Dudek & ook & oces a e 4016 W 


SOCKETS, FLUORESCENT. See Fluores- 
cent Lamp Auxiliaries. 


SOCKETS, VACUUM TUBE 


Amphenol Electronics Corp., 1830 S. 54th Grand Ave., Chicago 1 
Ave., Chicago 50, Ill. Dunb 
Mandex Manufacturing Co., Inc., 2610 W aber Bees. Cs.. mg Associated Spring 


16th, Chicago 8, Til. G C 
Mycalex Corp, of America, Clifton Bivd., — o., Ine., Geuse ., Philadelphia 


one N. 
Gasket Co., Camden 1, N. J. ba Go, William Pp... Dev. ~~" 


SOCKET SCREWS. See Fasteners. 


SOLDERING COMPOUNDS Berges 
(Fluxes, Paste, Liquids, Salts, ete.) Blvd., Little Falls, * (Beryllium 


Chase Brass & Copper Co., Waterbury 20, Loria Spine & Mfg. Co., 2646 W. Nort 
Essex Wire Corp., Magnet Wire Div., on ne ee ea Corp., 1712 
Generel “Exectris_Go-, Chemical Div., 1 pemiit; Dayton, Ohio 
nera ectric Co. mypenl ¥. 
Plastics Ave., Pittsfield, Mas: Raymond Mis. Co.. Div. Associated Spring 
new > Harman, 82 Fulton, ‘New York 
38, N 
Kester Solder Co., 4209 Wrightwood Ave., 


Chicago 39, Til. 
National Lead Co., 111 Broadway, New 
York 6, N. Y. 


STAINLESS STEEL. See Steel, Comme 
cial Forms and Grades. 


STAMPINGS, METAL 
SOLDERING EQUIPMENT Aemmate Marin, Me. Cn. S8IT W. Lae 

(Irons, Machines, ete.) Alden Products Co., 117 Main, Brockton 
General meats e. Apparatus Sales Div., Mas: 

Schenectady 5, N. Y. Pr — Goods Manufacturing Co., Map 
Ideal Industries, oe 1008 Park Ave., itowoc, Wis. 

Sycamore, Ill. American Spring and Wire Specialty Co. 
Vulean Electric Co., Danvers 2, Mass. 816 N. Spaulding Ave., Chicago 51, TL 
Wassco Electric Products Co., 126 W. Barnes Co., Wallace, Div. “Associated Spring 

Cass, Joliet, Ill. Corp., Bristol, Conn. 
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JOHN D. LOCKTON 
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Portrait by Fabian Bachrach 


.. General Electric People Have Purchased 


More Than *513 Million in Savings Bonds 


“Since the inception of the Payroll Savings Plan for the 
systematic purchase of Series ‘E’ Bonds, May 1941, 
General Electric people have purchased more than 
$513,000,000 in Bonds. 

“Since October 1948, when the General Electric Com- 
pany’s Savings and Stock Bonus Plan was installed, the 
Company has contributed, as a bonus on Savings Bond 
purchases — 962,000 shares of General Electric stock, 
worth $21,000,000 at the time of contribution and 
$58,000,000 currently. 

“Our Bond-buying employees are truly shareholders 
in America—building their personal security and aiding 
the Government in its effort to manage the national debt 


in a way that is not inflationary. 

“As Savings Bonds Chairman of New York State, I 
have undertaken the important job of encouraging other 
companies to install the Payroll Savings Plan as a service 
to their employees. I am proud of the fact that New 
York State has more than 800,000 systematic savers en- 
rolled in the Payroll Savings Plan.” 

JOHN D. LOCKTON, Treasurer 
General Electric Company 

For help in installing the Payroll Savings Plan . . . or 
for assistance in building employee participation in an 
existing plan, write to: Savings Bonds Division, U. S. 
Treasury Department, Washington 25, D. C. 


The United States Government does not pay for this advertising. The Treasury Department 
thanks, for their patriotic donation, the Advertising Council and 


Hlectrical 
Vlanufacturing 


oS 


READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 
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| Deringer Metallurgical, Corp. 8129 Monti- 


Matin q v Boxes! 


> OIL-PROOF 


@ Heavy gauge steel, welded 
seams, all sides flanged. 


@ Neoprene gasketed cover. 
No oil, water or dust can 
enter. 


@ Cover clamps on box, has 
no screw holes to leak oil 
or water. 


@ Cover chained to box, can- 
not be lost or mislaid. 


SPECIFICATIONS 


PANEL SIZE 


No Panel 
4%x 2% 
44x 4% 
6%x 4% 
8%x 6% 
10% x 8% 
12%x10% 
14% x 12% 


et 
DENOWDAHS 
xxx uu MK 
hee 
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edn oberg schodj- edie’ 
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DUST-PROOF 


@Easy to open! Just loosen 
clamp screws a few turns! 


SS 


@Clamp screws captivated, 
cannot be lost or misiaid. 

@ External mounting feet of 
heavy 12 gauge steel, 
welded, cannot come loose. 

@ Available with or without 
removable panel. 

@ Panel mounting spacers are 
integral with box—no holes 
—no leoks. 

@ JIC and Underwriters Lab. 
oratories approved, 

@ Attractive grey hammer- 
tone baked enamel finish. 

@ Special sizes, finish and 


special construction if you 
desire. 


Write us today! 


DEPTH COVER TO PANEL GAUGE STEEL 
No Panel 
2% 


ee ee 
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ENGINEERING CORPORATION 


AVAILABLE IN 
FOUR TIME RANGES 


7 MINUTES 
14 MINUTES 
28 MINUTES 
56 MINUTES 


WITH “HOLD’ FEATURE 
if desired 


dependabl 


aaa ek: 
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SWITCHES 


Dept. EM-52 Anoka, Minnesota 


Illustrated above: 

MODEL 1-102 (for mounting di- 
rectly on sheet metal panel) $9.00 
Also available in metal box with 
or without signal light. 


More than just a warning de- 
vice, Cissell Time Switches open 

- or close . . . an electrical 
circuit at the end of a specified 
time period. They are adaptable 
to a wide variety of mountings. 
GUARANTEED for 1 year. 

We welcome an opportunity 
to prove that we have the 
answer to YOUR time switch 
problem. Contact us now for 
detailed information. 


CURRENT RATING: AL- 
TERNATING CURRENT 115 
or 230 VOLT, 2 H.P. SINGLE 
PHASE, 10 AMPERES, INDUC- 
TIVE OR NON-INDUCTIVE. 


W. M. CISSELL MFG. CO., INC. 
631 S. First St., P. O. Box 1143 
LOUISVILLE, KENTUCKY 


| Dudek & Bock Spring Mfg. 








Penn Precision Products 


Barnes-Gibson-Raymend Div. Associated 
Spring Corp., 40800 Plymouth Rd., Ply- 
mouth, Mich. 

oe: Brass & Copper Co., Waterbury 20 


Da a Pepe Manufacturing Co., Minne 
apolis 7H, Minn 


cello Ave. 


Co., 4016 W 
Grand Ave., Chicago 12, Il 
Dunbar Bros. Co., Div. Associated Spring 
n. 


Corp., Bristol, > 
Engineering Co., 27 Wright, Newark 5, 
Erle Kesistor Corp., Electronics Div., Erie, 
Garrett Co., Inc., George K., Philadelphis 


34, Pa. 

Gibson Co., William D., Div. Associated 
Spring Corp., 1800 Clybourn Ave., Chi- 
eago 4, Ill. 

Heyman Mfg. Co., Kenilworth 1, N. J. 

Joliet Wrought Washer Co., Joliet, Tl. 

Kirk and Blum Manufacturing Co., 3122 
Forrer, Cincinnati 9, Ohio 


Lewis Spring & Mfg. Co., 2646 W. North 
Lake, Chicago 24, IL 
Inc., 2610 W. 
Mohawk Mfg. 
East Fire Daren, 
New York 


Ave., Chicago 47, Ill. 
Malco Tool and Manufacturing Co., 4021 W. 
Mandex Manufacturing Co., 
16th, Chicago 8, Tl. 
Co., Middletown, Conn. 
(Threaded) 
Ohio Div., Associated aun Corp., 1712 
ae , Div. Associated Spring 
Rovers Cooper ‘1 Brass, Inc., 230 Park Ave., 
Shakeproof Div, of Minots Tool Works, St. 
Charles Rd., , Ti 
Sylvania Electric Products Inc., 1740 Broad- 
way, New York 19, N. Y. 
= -Carr Fastener Corp., Cambridge 42, 
ass. 
Wenco Mfg. Ge. 1186 West Hubbard, Chi- 
cago 22, Til 


Winzler Manufacturing and Tool Co., 1712 
W. Arcade Place, Chicago 12, Til. 


STAMPINGS, NON-METALLIC 


Continental-Diamond Fibre Div. of The 
Budd Co., Inc., Newark 18, Del. 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, Ill. 

awe Co., 2799 Lake, Melrose Park, 


| a Brothers Fibre Works, Inc., Dept. 


E, Belding, Mich. 


STARTERS, FLUORESCENT. See Fluo- 
rescent Lamp Auxiliaries. 


STARTERS, MOTOR. See Controllers, Mo- 
tor; Push Button Stations. 


STATOR ASSEMBLIES 


Laminations Co., Box 13, 
ford, Conn. 


STEATITE. See Ceramics. 
STEEL (Commercial Forms and Grades) 


Alloy 

Bars 

Carbon 

Coated 

Sheets and Strips 
Enameling 
Stainless 

Cold Rolled Only 
Tubing 

(See also Steel, 


300 Main, Stam- 


(T) 

Electrical) 

Acme-Newport Steel Corp., Newport, Ky. 
(ADES) 

Allegheny Ludlum Steel Corp., Henry W 
Oliver Bldg., Pittsburgh 22, Pa. 

American Steel & Wire Div., U. 8. 
Corp., Rockefeller Bldg., Cleveland 13, 
Ohio (NS) 

Barnes Co., Wallace, Div. Associated 
Spring Corp., Bristol, Conn. (8-CO) 
(Spring) 

Corp., Bristol, Conn. (8-CO) (Spring) 

Chase Brass & Copper Co., Waterbury 20, 
Conn. (N) 

Columbia-Geneva Steel Div., U. 8. Steel 
Corp., San Francisco, Calif. 

Crucible Steel Co. of America, Chamber 
of Commerce Bldg., Pittsburgh 19, Pa. 
(ABCNS) 

Driver Co., William B., 150 Riverside 
Ave., Newark, N. J. (Stainless Steel 
Wire) 

National Tube Div., U. 8. Steel Corp., 
Pittsburgh, Pa. 

. Inc., 501 Cres- 
cent Ave., Reading, Pa. (NS) 

Revere Copper & Brass, Inc., 280 Park 
Ave., New York 17, N. Y. (T) 

Ryerson & Son, a. , Joseph T., Chicago 8, 
Ill. (ABCDENST) 

Sharon Steel Corp., Sharon, Pa. (ABCD 
ENST) 

Superior Steel Corp., Carnegie, Pa. (AD 
NS) (Spring) 

Superior Tube Co., Norristown, Pa. 
(ACNT) 

Tennessee Coal & Iron Div., U. 8. Steel 
Corp., Fairfield, Ala. 

U._S. Steel Corp., 525 William Penn P1., 
Pittsburgh 30, Pa. (S-ACDN) (T-ACN) 

Washington Steel Corp., 5-8 Woodland 
Ave., Washington, Pa. (NS) 

STEEL, ELECTRICAL (Silicon) 

(Sheets and Strips) 

Acme-Newport Steel Corp., Newport, Ky. 

Allegheny Ludlum Steel Corp., Henry W. 
Oliver Bldg., Pittsburgh 22, Pa. 

Sharon Steel Corp., Sharon, Pa. 

U._8. Steel Corp., 525 William Penn P1., 

Pittsburgh 30, Pa. 


STRAIN RELIEFS. See Grips and Clamps. 
Strain Relief. 


STRIPPERS, WIRE 
Acme Wire Machine Co., 234 E. 3rd, New 
York 


> Me Be 
Artos macipeuses Co., 27387 8. 28th, Mil- 


"hes: Syca- 


waukee 7, Wis 
Praser Co., Inc., Rush Wire Stripper Dir., 
Syracuse 4, N. Y 
Holub Industries, 445 Elm, 
more, IIL 
Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 
“ee 1136 West Hubbard, Chicago 
Wire Stripper Co., 1729 Eastham Ave., 
East Cleveland 12, Ohio 
STRIPS, BLOCKS and BOARDS, 
TERMINAL 


AMP sregmoenaies, 2100 Paxten, Harris- 
b 

Alden’ Products Co., 117 N. Main, Brock- 
ton, Mass. 

American Lava Corp., Chattanooga 5, Tenn. 

Buchanan Electrical Products Corp., 225 


Rte. 22. Hillside, N. J. 
Burndy Corp., Omaton Div., Norwalk, 
453 Concord 


in. 

Cambridge Thermionie Corp., 
Ave., Cambridge 38, Mass. 

Federal Telephone and Radio Co., Div. 
International Telephone and Telegraph 
Corp.. 100 Kingsland Rd., Clifton 

Hart ceteenns . 2i1 Bartholomew 
Ave., Hartford 1 

Jones Div., Howard B., "Cinch Mfg. 
Chicago 24, TIL 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, 

Marathon Electric Mfg. Corp., Cherry & 
Randolph, Wausau, Wis. 

a Corp. of America, Clifton Blvd., 

Clifton, N. J. 
Genera! 


Stromberg-Carlson, A Div. of 
‘Carlson Rd., 


Dynamics Corp., 117 
Rochester 8, N. Y. 
:* - Inc., 28 


Thomas & Betts 
U. 8. Gasket Co,, Camden 1, N. J. 


Corp., 


Butler. 
Elizabeth 1, N. 


SWITCHES, AUTOMATIC and MANUAL 


Float (Liquid Level) 
Limit (Snap-Action) 
Magnetic 

Mercury 

Pressure 

Thermal 

Time 

Transfer 

Vacuum 

Canopy and Fixture 
Foot 


Heater (Series Multiple) 
Jack, Key and Lever 
Panel 
Snap (Toggle, Slide, 
Rotary) 
Remote Control 
Selector 
Through-Card (Snap) 
Coaxial 
Motor Speed Control 
Limit (Rotary Cam 
Gear) 
Coin 
See also Circuit 
Stations ; 
Timers. 


Acro Manufacturing Co., Columbus 16, 
Ohio (B) 
Adams & Westlake Co., Elkhart, Ind. 
©, Inc., 50 State, Mankato, Minn. 


( ) 

Allen-Bradley Co., 1316 8S. Second, Mil- 
waukee 4, Wis. oor 

Allied Control Co, Inc., 2 East End Ave., 
New Yo AR 


and 


Breakers; Push Button 
Controllers, Motor; Relays: 


1033 W 


Gan 


rk 21, CDGHR) 

Allis-Chalmers, Milwaukee 1, Wis. (RS) 

Arrow-Hart & Hegeman Electric Co., 16 
Hawthorne, Hartford 6, 

(ACDHKMPRT) 

Automatic Electric Sales Corp., 

Van Buren, Chicago 7, Il. 
(BCDGHLNRST ) 

Automatic Switch Co., 393. Lakeside Are. 
Orange, N. J. (CHR) 

Bristol Co., Waterbury 20, Conn. (ADEF 
GIPRS) 

Centralab Div. of Globe-Union, Inc., 962A 
BE. Keefe Ave., Milwaukee 1, Wis. (NS) 

Cherry Electrical Products Corp., 165 
an Rd., Highland Park, I 

Circle F Mfg. Co., 234 W. 44th, New 
York, N. Y. 

Cissell Mfg. Co., Inc., W. M., 
+e P. 0. Box 1148, Louisville. ‘Ky. 

& Co., C. P., 3101 Pratt Bilvd., 

Chicage 45, Til. (8) 

Clark Controller Co., 1146 E. 152nd, Cleve- 
land 18, Ohio (C) 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, Ill. (N) 

Controls Co. of America, Soreng Div. 
9551 Soreng Ave., Schiller Park, MM). 
(ABELPS) 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. (G) 

Crouse-Hinds Co., Syracuse 1, N. ¥Y. 
(DPSV) 

Curtiss-Wright Corp., Carlstadt, N. J. (F) 

Durakool, Inc., Elkhart, Ind. (D) 

~~ Signal Corp., 202 20th, Moline, Ml 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 58, West Orange, N. J. (FG) 

a. Inc., San Bruno, Calif. 
(J) 

Electro-Snap Switch and Mfg. Co., 4238 
W. Lake, Chicago 24, Ill. (B) 


Electro Switch Corp., Weymouth 88, Mass. 
a Inc., Rochester 2, N. Y. 


(EJ 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 


(NS) 
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More than 3500 variations of 275 Stock Mold Parts 


MAKE YOUR PRODUCT 
of thermosetting materials Dp i ST 8 he CT q Vv e at “ae extra cast 


For diversity in standard parts 


(phenolic and urea) in all grades 
of heat and impact resistance, 
leading manufacturers in every 
phase of business rely on Harry 
Davies Molding Company to 
provide the most economical, 
varied, and distinctive designs 
in compression molded 


plastics. 


HARRY DAVIES MOLDING COMPANY 


SIMPLEX 


WIRE anocurrers 


e Clean Cutting 


e Precision Stripping 
e Fast Working 
e Easy Operating 


e Low Cost e Rapid Setup 


Our production wire sucippens and cutter will strip and cut to length 
all types of insulated w' including parallel lamp cord and heater 
cord, also cables 1” maximum diameter, in one easy operation. Send 
sample wires and have your stripping problems engineered by Wenco. 


ASK FOR YOUR COPY OF NEW BULLETIN 


WENCO MANUFACTURING co. 


SIMPLEX WIRE STRIPPERS AND CUTTERS 
TOOLS * DIES * STAMPINGS *® SPADE BOLTS 


1136 WEST HUBBARD STREET, CHICAGO 22,1LLINOIS 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


WRITE TODAY! 
Hew Free Catalog 


Showing both stock 
mold ports and custom 


mold part 


Makers of DAKA-WARE Products 


1428 North Wells Street ° Chicago 10, Illinois 


AX-426 RECIPROMOTOR 


A Recipromotor is a rectilinear induction motor. A 
Semotor is made up of a Recipromotor acting upon a 
thin disk of copper or aluminum to make it rotate or 
oscillate. Recipromotors may be furnished for practi- 
cally any force and any length of stroke. They are used 
for any operation requiring reciprocating forces of var- 
ious magnitudes. Semotors may be used for operating 
butterfly valves, clutches, indexing tables, and any 
other mechanism requiring simple oscillating motive 
units. Send for Bulletin EE-157 for more explanation. 

We also make many standard lines of solenoids; 
we also make complete replacement lines of solenoids 
to replace General Electric and National Acme lines 
of solenoids; we also make solenoid operated shoe 
brakes for torque capacities ranging from 3 ft-lbs. 
to 24,000 ft-lbs. 

Send for more information. See our catalogs in 
Sweet’s Catalog Service. 


TROMBETTA SOLENOID CORP. 


329 N. MILWAUKEE ST. « MILWAUKEE, WIS. 








More per hour with W0S2\D | 


WORK FEEDERS 


Feed work fast to drill, tap, broach, mill. De- 
livers, holds, ejects stampings, castings, screw 
machine parts up to 3”—thousands per hour. / 
Combines with MEAD Timers and Drill 4 
Press Feeds for easy, cost-saving automation. 










Send for new Air Power catalog today! 
(See Thomas’ Register for nearest 
distributor’s address, phone number.) 


SPECIALTIES COMPANY 
4114 N. Knox Ave., Dept. E-17, Chicago 41, Ill. 
ATHFINODOER IN AIR POWE OMATION 


with the New 


amg “WI 


3 WG] 


UNIMAX 
Type WLL 


3 BIG ADVANTAGES 
with this UL-listed snap-acting switch! 


@ Costs % less than other snap-switches. 
@ Handles 15 amp. at 125/250 volts a-c. 


@ Quick-connect terminals for snap-on 
wiring give fast installation. 


Let us show you 
how the 
Unimax WL can cut 
your switch 
and assembly costs. 


LL. PAA 


r d ri 


IVES ROAD, WALLINGFORD, Perera 
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Fenwal Inc ll 
(FP) 

Furnas Electric Co., 
Ill. (ABCEFLO; 


Pleasant, Ashland, Mass 


1024 McKee, Batavia 


G-V Controls Inc., 8 Hollywood Plaza. 
East Orange, NX. J. (FG) 
General Electric Co., Accessory Equipmeni 


Dept., Bridgeport 2, Conn. (8S) 
General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. (ABCDEFGHJK 
MNOPRSTUV) 
General Thermostat Corp., 
Bartlett, N. H. (F) 


10 Albany Ave., 


Grayhill Ine., 539 Hillgrave Ave., La 
Grange, Ill. (PS) 

Guardian Electric 627-P, W. Walnut, 
Chicago 12, Ill. (CFGHN) 
Hart Manufacturing Co., 211 Barthlomew 
Ave., Hartford 1, Conn. (MOPRSU) 
Haydon Mfg. Co., Inc., 2535 Elm, Tor- 
rington, Conn. (G) 

Heinemann Electric Co., 99 Plum, Tren- 
ton, N. J. (0) 

Hetherington Inc., 1200 Elmwood Ave.. 
Sharon Hill, Pa. (P) 

International Register Co., 2620 W. Wash- 
ington Blvd., Chicago 12, Ill. (G) 


Kellogg Switchboard and Supply Co., 72 
W. Monroe, Chicago 8, Ill. (8) (Cross- 
bar) 

Knox Porcelain Co., 
(P 

Leach Relay Div., Leach Corp., 5915 Ava- 
lon Blivd., Los Angeles 3, Calif 

Leland, Inc., G. H., 123 Webster, 
2, Ohio 

McGill Manufacturing Co., 
Lafayette, Valparaiso, Ind. 

Mallory & Co., Inc., P. R., 
6, Ind. (GNPS) 

Master Appliance Mfg. Co., Racine 2, Wis. 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. (ABCDEF) 

Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co., Freeport, Ill. 

FLS) 
Instrument — 


(BD 

Miller-Harris 1350 N. 
Jackson, Milwaukee 7, 

National Acme Co., 176 E. pist, Cleveland 
8, Ohio (BP) 

North Electric Co., 587 8. Market, Galion, 


Ohio 

Ohmite Mfg. Co. 3613 Howard, Skokie, 
Ti. (NS) 

Pass & Seymour, Inc., Solvay Station, Sy- 
racuse 9, N. Y. 

Pyle-National Co., 1388 N. Kostner Ave., 
Chicago 51, Ill. (P) 

R-B-M Div., Essex Wire Corp., Logans- 
port, Ind. 

Relay Sales, Inc., P.O. Box 186B, West 
Chicago, Ill. 

Robertshaw Thermostat Div., Robertshaw 
— Controls Co., Youngwood, Pa 
( ) 

Spencer Thermostat Div., Metals & Con- 
trols Corp., 3601 Forest, Attleboro Mass. 
(EF) 

Square D Co., 4041 N. 
kee 12, Wis. (ABC 

Stackpole Carbon Co., St. Marys, Pa. (P) 

Stromberg-Carlson, A Div. of General 
Dynamics Cup. 117 Carlson Rd., Roch- 


Knoxville 1, Tenn. 


Dayton 


Indianapolis 


Richards, Milwau- 
EFLOPR) 


ester 3, N 

Switchcraft, Inc., 1328 N. Halsted, Chicago 
22, 1. (N) 

Ther Electric & Machine Works, 11A 8 
Jefferson, Chicago 6, Tll. (8) 

Torq Engineered Products, Inc., 34 W. 


Monroe, Bedford Ohio (V) 

Ulanet Co., George, 413 Market, Newark 
5, N. J. (FG) 

Unimax Switch Div., The W. L. Maxson 
Corp., Ives Rd.. Wallingford, Conn. (D) 

Ward Leonard Electric Co., 606 South 
Mount Vernon, N. Y. (CGHOR) 

Westinghouse Electric Corp., Gateway 
Center, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. (ABCDEFGHLOPS) 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Til. (HR) 


SYNCHROS. See Servomechanisms. 


TACHOMETERS 

Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, } ° 

Ideal Industries, Inc., 1008 Park Ave., 
Sycamore, Ill. 

Reliance Electric & Engineering Co., 1054 
Ivanhoe Rd., Cleveland 10, Ohio 

Veeder-Root, Inc., as 2, Conn. 

WacLine, Inc., 35 8. St. Clair, Dayton 2, 
Ohio 

Weston Electrical Instrument Corp., A sub. 


of Daystrom, Inc., 614 Frelinghuysen 


Ave., Newark 5, N. J. 


TAGS, TERMINAL 

National Bee & Tag Co., 6-64, 
Newport 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 


Dept. 


TANTALUM 
Peanedt Metallurgical Corp., N. Chicago, 


Mallory & Co., Inc., 


P. R., Indianapolis 6, 
Ind, 


TAPE. ADHESIVE and 
FASTENING =e. 


Armstrong Cork Co., 7001 Ingersol, 


E Lan- 

a. 

Brady Co., W. H., 727 W. Glendale Ave., 
Milwaukee 12, Wis 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Ciienge 6, TIL 
Johns-Manville Corp., Dutch Brand Div., 
7800 Woodlawn Ave., Chicago 19, Ill. 
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Kendall Co., Polyken Sales Div., 309 W. 
Jackson Bivd., Chicago 6, Til. 
Minnesota Mining & Mfg. Co., Electrical 


Products Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 


Seamless Rubber Co., New Haven 3, Conn. 


TAPE, FRICTION and SPLICE 
Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, DIL 
Irvington Div., Minnesota Mining & 
Manufacturing Co., 9 Argyle Terrace, 
Irvington 11, N. J. 
iene: Manville, Box 60, York 16, 
¥, 


Dutch Brand Div., 


New 


ilo Manville Corp 
7800 Woodlawn Ave., Chicago 19, Ill. 
Kendall Co., Polyken Sales Div., 309 W. 
Jackson Blvd., Chicago 6, Ill. 
Minnesota Mining & Mig. Co., Electrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 
Seamless Rubber Co., 
1. §S. Rubber Co., 
New York 20, N. ¥ 


TAPE, INSULATING. See Fabrics, In 
sulating; Sleeving and Tape, Asbestos; 
Tape, Friction and Splice; Tape and 
Sheeting, Synthetic Resin. 


TAPE, MAGNETIC RECORDING 
See Magnetic Recerder Components. 


TAPE, MICA. See Mica. 


TAPE and SHEETING, 
RESIN 


Continental-Diamond Fibre Div. 
Budd Co., Inc., Newark 18, 

Dixon Corp., Bristol 6, R. 

du Pont de Nemours & C9. tine.), L. 
Plastics Dept., Wilmington 98, Dal 

General Electric Co., Chemical Develop- 
ment Dept., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 
Washington Blvd, Chicago 6, TIL 

Irvington Div., Minnesota Mining & Man 
ufacturing Co., 9 Argyle Terrace 
ee 11, N. J. 

Kendall Co., Polyken Sales Div., 
Jackson Bivd., Chicago 6, Ill. 

Minnesota Mining & Mfg. Co., Electrical 
me wg Div., 900 Fauquier Ave., St. 
Paul 6, Minn. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. 

New Jersey Wood Finishing Co., Electrica) 
Insulation Dept., oe. Z. 


New Haven 3, Conn. 
Rockefeller Center, 


SYNTHETIC 
of The 
el. 


bestos-Manhattan Inc., Prod- 
ucts Div., Manheim, 
Resin Industries, Inc., A Sub. of 
Borden Co., Santa Barbara, Calif. 
Seamless Rubber Co., — Haven ‘ Conn. 
Shamban Engineering Co., 11617 W. Jef- 


ferson Blvd., Culver City, Calif. 
U 8. Gasket Co., Camden 1, N. J 
TAPES, MEASURING 
Keuffel & Esser Co., Hoboken, N. J. 


TELEPHONES 


Crouse-Hinds Co., Syracuse 1, 
oer Switchboard and Supply ba, 7 


. Tih 
National Pneumat Co., Inc., Holtuer 
Cabot Div., 125 Amory, Boston 19, Mass. 
Stromberg-Carlson, A Div. of General 


117 Carlson Rd., Roch- 
neering Corp., 109 Springfield 


Dynamics a 


etory 
Rd., Union, N. 
TEMPERATURE CONTROLS. See Con- 
trols, Pressure Temperature; Relays; 
Switches ; Thermemeters; Thermostats. 
TERMINAL BLOCKS. See Strips. 
TERMINALS. See Lugs and Terminals. 


TESTING CHAMBERS. See Chambers. 
Test. 


TESTING 
ments. A! 


INSTRUMENTS. See Instro- 
lso Tools, Portable. 


THERMAL SWITCHES. See Switches. 


THERMISTORS 

General Electric Ce., Metallurgical Prod- 
ucts ». 11131 BE. $8 Mile Ave. 
Detroit 32, Mich. 

Thermistor Corp. of America, Gulton In- 
dustries, “ee” 212 Durfiam Ave., Me- 
tuchen, J. 

Vietery lelsinaetns Corp., 109 Springfield 

. Union, N. J. 

THERMOCOUPLES 


= “td Products, Inc., Chesterland 14, 
0 
oS Co., Inc., 113 Astor, Newark 6. 


Bristol Co., Waterbury 20, Conn. 

General Electric Co., Apparatus Sales Div... 
Schenectady 5, N. 

— Products i te. New Haven 4, 


Thermo Electric Co., Rochelle Park Post 
le Brook, 


Office, Sadd 
Westinghouse Electric Corp., (Gateway Cen- 
Bldg. No. 3, 401 Liberty Ave., 
Pitts ttsburgh 30, Pa. 
—. a net Cup. A .=. 
ays ng 
Ave., Newark 5, 
Wheelco Instruments | Bir., Barber-Colmas 
Co., 1408 Rock, Rockford, Ill. 


THERMOMETERS 
Anentiy Products, Inc., Chesterland 14, 


Ohio 
Bristol Co., Waterbury 20, Conn. 


MANUFACTURING 

















Fundamentals of 


Servomechanism 
Design 


— a handy primer for 

design and application engineers 
who need to have a 

working knowledge of servos 


In response to a real ground-swell demand from 
product design engineers, Electrical Manufacturing 
has prepared a handy file reprint “Servo Series,” 
featured in the February-June issues of this magazine. 
The 5-article series, you may recall, was authored by 
the noted servo engineer and teacher, Ira Ritow. Each 
article was especially written for the non-servo 
engineer and is singularly free from complex math 
and the “mumbo-jumbo” of the servo theorist. Yet 
the series is complete enough to permit the tech- 
nically informed reader to design and analyze a 
simple servo and to evaluate its application in the 
modern control system. 


Here’s a run-down of the contents: 


1. A definition of servomechanisms and dis- 
cussion of basic types which include viscous- 
damped linear and on-off servos. An evalua- 
tion of important operating characteristics of 
the various types, together with the promi- 
nent test methods. 


2. An explanation of the role of response in 
specifying servo drives. Tells how to choose 
motor ratings and gear ratios, and how to 
predict maximum servo performance. 


3. The linear approach to servo analysis. De- 
scribes the methods of analysis that enabled 
the designer to push gain up against the limits 
en piercing into the regions of insta- 
bility. 


4. The impact-momentum equation in servo 
design. In this method—particularly well 
suited to instrument servos—the designer be- 
gins with the assumption that the load 
will oscillate. Then he compares impacts 
(torques) with momentum to see if the as- 
sumed oscillations can actually exist! 


5. Designing servos by the  phase-plane 
method. Applicable to over 95 per cent of all 
servo systems, the phase-plane method is one 
of the most universal of the analytical tech- 
niques. This article explains the use of phase- 
plane diagrams and gives four methods for 
constructing them. 


eCopies of the 48-page booklet are available at $1.50 each 
on orders accompanied by remittance, including 3 per cent 
tax for New York City deliveries. Orders with remittance 
should be addressed to Reader Service Department, The 
Gage Publishing Company 1250 Sixth Avenue, New York 
20 N. Y. 
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ELCO SEMS The “Sems” method of pre- 


assembled screws and washers is used by ELCO 
to produce cost-reducing units of many kinds. 
Stock SEMS are made up of standard screws 
and washers — special SEMS can be designed, 
engineered, and produced to order as required. 
Let us quote on your standard requirements — 
send us your prints on specials. Write for 

free package of samples. 









































ELCO 


REMEMBER 








WOOD SCREWS WE ALSO SPECIALIZE IN 
MACHINE SCREWS MAKING ANY OF OUR 
MACHINE SCREW NUTS PRODUCTS OF THE 
TAPPING SCREWS FOLLOWING MATERIALS 
THREAD-CUTTING SCREWS Stainless Steel 
PHILLIPS AND SEMS SCREWS Bronze 

PIPE PLUGS Brass 

STOVE BOLTS Copper 

CAP SCREWS Silicon Bronze 

LAG SCREWS Ambrac 

DRIVE SCREWS Monel 

SPECIAL SCREWS Aluminum 

COLD HEADED PRODUCTS Special Analysis 


idem ae ite Uae) 


1962 BROADWAY * ROCKFORD, ILLINOIS 





WIRES 


cables, leads, 
and grouping 
wires! 


MARKED 
Permanently! ... 


Radian 


by Pe 
ee ls 
for marking 
l 


METAL IDENTIFICATION TAGS OF EVERY DESCRIPTION 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, brass, or zinc, in a variety of styles and sizes, 
TERMINAL TAGS are easy to apply, and are used in the manufacture of 
aircraft, radios, telephones, motors, generators, etc. They can be stamped 


or embossed to customer specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P. O. BOX 9-254, NEWPORT, KY. 
PHONE CO 1-2035 











Buys 


Because 


Kitchen Aid mixers, 
to the American Homemaker with a guar- 
antee of exceptional performance and serv- 
ice. Understandably, every component must 
be the finest quality available. 


Send for Catalog 57E—shows how to 
order molded or assembled types. 


4211 West Lake Street 
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The Hobart 
Manufacturing 


Company 


PHOENIX 


APD) Be LLL) 


by Hobart, are sold 


Chicago 24, Illinois 








Edison, Inc., Thomas A., Instrument Div., 
Dept. 58, West Orange, N. J. 

Weston Electrical Instrument ., A sub. 

nghuyses 


of Daystrom, Inc., 614 
Ave., Newark 5, N. J. 

Wheelco Instruments Div., Barber-Colmas 
Co., 1408 Rock, Rockford, Ill. 

THERMOPLASTIC WIRE. See Wire ane 
Cable, Insulated. 


THERMOSTATIC BIMETALS 
as a Co., Inc., 113 Astor, Newark 6 


Brainin Co., C. 8., 318 Washington, Mi 
Vernon, N. Y. 

Bristol Co., 153 Bristol Rd., Waterbur 
20, Conn. 

Chace Co., W. M., 1608 Beard Ave., 
Detroit 9, Mich. 

General Plate Div., Metals and Controls 
Corp., 1901 Forest, Attleboro, Mass. 

Wilson Co.. H. A., Route 22, Union, N. J 


THERMOSTATS 
ioe Lnuienaies Co., Columbus 16 
Barber-Colman Co., Dept. A, 1403 Rock, 


Rockford, IIL. 
Bristol Co., Waterbury 20, Conn 


| Curtiss-Wright Corp., Carlstadt, N. J 


Dales Co., Franklin, 180-184 E. Mill, 
Akron 8, Ohio 

Edison, Inc., Thomas A., Instrument Div., 
Dept. 53, West Orange, N. J. 

Fenwal Inc., 11 Pleasant, Ashland, Mass. 

G-V Controls, Inc., 8 Hollywood Plaza, 
East Orange, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

General Thermostat Corp., 10 Albany Ave., 
Bartlett, N. H. 

Hart Manufacturing Co., 211 Bartholomew 
Ave., Hartford 1, Conn. 

Mechanical Industries Production Co., 211 
Ash, Akron 8, Ohio 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, Ill. 
Robertshaw Thermostat Div., Robertshaw- 
Fulton Controls Co., Youngwood, Pa. 
Spencer Thermostat Div., Metals & Con- 
trols Corp., 3601 Forest, Attleboro, Mass. 
Stevens Mfg. Co., Inc., Lexington and 
Mansfield. Ohio 

Still-Man Manufacturing Corp.. 429-33 EB. 
164th, New York 56, N. Y. 

Torq Engineered Products, Inc., Bedford, 
Ohio 

Ulanet Co., 
5, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Wheelco Instruments Div., Barber-Colman 
Co., 1403 Rock, Rockford, Ill. 

Wiegand Co., Edwin L., 7530 Thomas 
Bivd., Pittsburgh 8, Pa. 

Wilcolator Co., 1001 Newark Ave., Eliza- 
beth, N. J. 


George, 413 Market, Newark 


TIMERS, MOTOR 


AEMCO, Inc., 50 State, Mankato, Minn 

Allen-Bradley Co., 1316 8. Second, Mil- 
waukee 4, Wis. 

Bristol Co., Waterbury 20, Conn. 

Bristol Motor Div., Vocaline Co. of Amer- 
ica, Ine., Old Saybrook, Conn. 

Cramer Controls Corp., Box 8, Center- 
brook, Conn. 

Controls Co. of America, Soreng Div. 
9551 Soreng Ave., Schiller Park, Il. 

Zagle Signal Corp., 202 20th, Moline 1, Fil. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Haydon Co., A. W., 234 N. Elm, Water- 
bury 20, Conn 

Haydon Mfg. Co., Inc., 2535 Elm, Tor- 
rington, Conn. 

Industrial Timer Corp., 131 Ogden, New- 
ark 4, N. J. 

International Register Co., 2620 W. Wash- 
ington Blvd., Chicago 12, TL 

Mercoid Corp., 4261 Belmont Ave., Chi- 
cago 41, Ill. 

Miller-Harris Instrument Co., 1350 N. 
Jackson, Milwaukee 2, Wis. 

Relay Sales, Inc., P.O. Box 186B, West 
Chicago, Ill. 

Square D Co., 4041 N. Richards, Milwau- 
kee 12, Wis. 

Stromberg-Carlson, A Div. of General 
Dynamics Corp., 117 Carlson Rd., Roch- 
ester 3, N ‘ 

Ward Leonard Electric Co., 600 South 
Mount Vernon, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa 

Zenith Electric Co., 152 W. Walton, Chi- 
cago 10, Til. 


TIMERS, SPRING ACTUATED 


Elgin National Watch Co., Ordnance Div., 
Elgin, Tl. 


TIME SWITCHES. See Switches. 


TOOLS, PORTABLE 


Barber-Colman Co., Dept. A, 1403 Rock, 
Rockford, Ill. (Hardness Testing) 

Master Appliance Mfg. Co., Racine 2, Wis. 

em & Son, Inc., Joseph T., Chicago 8, 

Scruggs Co., Loyd, 1022-32 N. Sixth, St. 
Louis 1, Mo. 

Syntron Co., Homer City, Pa. 

Thomas & Betts Co., Inc., 28 Butler, 
Elizabeth 1, N. J. (Terminal Tools) 
United States Steel Supply Div., United 
States Steel Corp., 208 8S. La Salle, 

Chicago 4, IIL. 


TRACING CLOTH, FILM and PAPER 


Clearprint Paper Co., 1482 67th, Emery- 
ville, Calif. 


Eastman Kodak Co., Rochester 4, N. Y. 
Keuffel & Esser Co., Hoboken, N. J. 


TRANSFER SWITCHES. See Switches. 


TRANSFORMER HOUSINGS. See Cabi- 
nets, Sheet Metal. 


TRANSFORMERS, ELECTRONIC 


Acme Electric Co., Cuba, N. Y. 
Caledonia CElectronics & Transformer 
Corp., Dept. EM-11, Caledonia, N. Y. 
Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Il. 
Comar Electric Co., 3349 W. Addison, 

Chicago 18, TL 
Dano Electric Co., 93 Main, Winsted, 


Conn. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

Microtran Co., Inc., 145 EB. Mineola Ave., 
Valley Stream, N. Y. 

Nothelfer Winding Laboratories, 111 Albe- 
marle Ave., Trenton 8, N. J. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sola —te Co., 4633 W. 16th, Chicage 
50, TL. 

Supreme Transformer Co., Sub. of Oxford 
Electric Corp., 4308 W. Armitage, Chi- 
cago 39, Ill. 

Texas Instruments Incorporated. 6000 Lem- 
mon Ave., Dallas 9, Texas 

United Transformer Co., 150 Varick, New 
York 13, N. Y. 


TRANSFORMERS, FLUORESCENT 
— See Fluorescent Lamp Aurx- 
iaries. 


TRANSFORMERS, INSTRUMENT 
CURRENT 


Acme Electric Corp., Cubs, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ada- 
dison & Elston Ave., Chicago 18, Ill. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, TIL 

Dano Electric Co., 93 Main, Winsted, 


onn. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Ill. 

Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

<= _— Co., 4633 W. 16th, Chicago 
0, » 

Westinghouse Electric Corp., Gateway Cea- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 

Weston Electrical Instrument Corp., A sub. 
of Daystrom, Inc., 614 Frelinghuysen 
Ave., Newark 5, N. J. 


TRANSFORMERS, POWER CIRCUIT 


Acme Electric Co., Cuba, N. Y. 

Allis-Chalmers, Milwaukee 1, Wis. 

Chicago Standard Transformer Corp., Ad- 
dison & Elston Ave., Chicago 18, Ill. 

Comar Electric Co., 3349 W. Addison, 
Chicago 18, DL 

Dano Electric Co., 93 Main, Winsted, 
Conn. 

Electran Mfg. Co., 1901 Clybourn Ave., 
Chicago 14, Til. 

General Electric Co., Apparatus Sales Div., 
Schenectady 5, N. Y. 

Hevi Duty Electric Co., Milwaukee 1, 
Wis 

Nothelfer Winding Laboratories, 111 Albe- 
marle Ave., Trenton 8, N. J. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Sola _ Co., 4633 W. 16th, Chicago 
50, Til. 

Supreme Transformer Co., Sub. of Oxford 
Electric Corp., 4308 W. Armitage, Chi- 
eago 39, Tl. 

Ther Electric & Machine Works, 114 
S. Jefferson, Chicago 6, Iil. 

United Transformer Co., 15@ Varick, New 


York 13, N. Y. 

Wagner Electric Corp., 6454 Plymouth 
Ave., St. Louis 14, Mo. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


TRANSFORMERS, VARIABLE 
VOLTAGE 


Acme Electric Corp., Cuba, N. Y. 

Comar Electric Co., 3349 W. Addison. 
Chicago 18, TL 

Electran Mfg. Co., 1901 Clybourn Ave.. 
Chicago 14, Ill. 

Hevi Duty Electric Co., Milwaukee 1, Wis 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Superior Electric Co., 803 Middle, Bristol. 
Conn. 


TRANSISTORS and CRYSTAL DIODES 


Federal Telephone and Radio Co., Div. of 
International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 

General Electric Co., Electronics Div., 
Electronics Park, Syracuse 1, N. Y. 

International Rectifier Corp., 1521 BE. 
Grand Ave., El Segundo, Calif. 

Hughes Products, Semiconductors, Div. of 
Hughes Aireraft Co., International Air- 
port Sta.. Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Texas Instruments Incorporated, 6000 Lem- 
mon Ave., Dallas 9, Texas 

a Electronic Corp., Melrose 76. 

ass. 
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molded 


TE dak bell 
screws 
and nuts 


Insulate and Fasten 
without bushings, 
washers, etc. In Stock 
4-40, 6-32, 8-32, 
10-32 and %4-20 


Black Nyfon 

AN Oe Cra Na 
cable 
clips 


Light-weight non- 
conducting support 
for wiring, tubing, etc. 
Tesh role 
1%" Dia. 


Free samples « write WECKESSER CO. 


5711 Northwest Hwy. @ Chicago 30, III 


iT) to 











Fully Automatic — Air Powered — SPEEDCRAFT 
CABLE STRIPPER 


Can be built to strip any size or length 
Backed by 30 years experience 


Does the 
Job Right— 


AT LESS 
COST... 


Precision built to last a lifetime. An abundance of power at tremendous 
speed with no damage to copper strands — easy to operate — always in 
service. No repair parts except knives ever sold. Send 3 foot sample and 
stripping specifications for full data. 

oO 1729 EASTHAM AVE., 
WIRE STRIPPER CO. E. CLEVELAND, OHIO 





Cs Solderless me) 


Easy to Apply 


met No Special Tool Needed 
One-Piece Construction 


Efficient in ° Write for 
Service » Bulletin 8-DF 


KRUEGER & HUDEPOHL, INC. 


Ka DUS eee) le 


inj 
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another product improved... 


for coating 
ELECTRIC COILS 


Our client required a tough, abrasion-resistant 
insulation which could be quickly and economically 
applied to these motor coils. Our formulating know!l- 
edge and experience allowed us to give them a 
chem-o-sol (a plastisol formulation) which not only 
had the necessary electrical and physical properties 
but also could be handled on a production line basis. 

This particular chem-o-sol was applied by dip- 
ping. But this versatile basic material can also be 
molded, sprayed, die-wiped, and knife- or roller- 
coated and comes in practically any color. 

The possibilities of new and improved products 
through the use of chem-o-sol are unlimited. 

Take advantage of our experience and laboratory 


Ww, 


CORPORATION 


EAST PROVIDENCE 






Write for Bulletin 141 


Chemical Products 


PHILIP ROAD 





KING 











OPHAR 


___.WAXES 


eas 


~~~ COMPOUNDS 


Zophar Waxes, resins and compounds 
to impregnate, dip, seal, embed, or pot 
electronic and electrical equipment or 


components of all types, radio, tele- 
vision, etc. 


Cold flows from 100°F. to 285°F. plain 
or fungicidal. 


Special waxes non-cracking at —76°F 


Let us help you with your engineering 
problems. 
For immediate service contact: 

L. E. Mayer, Sales Manager 


A. Sounders, Technical Director 
H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


| 
| 
| 
| 
| 
| 
\ 
| 
| 
| 
| 
\ 
| 
\ 
| 
| 
| 
| 
\ 
\ 
\ 
| 
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ZOPHAR MILLS, INc. 
112-130 26th Street, 
Brooklyn 32, N. Y. 








automation 
circuits 







Time / Delay / Relay 


When automatic machinery and circuits must be timed with 
repetitive accuracy (from 0.1 second to ten minutes or more ) 
you'll find a sure, reliable answer in AGASTAT electrically- 
actuated pneumatically-timed time delay relays. 


The AGASTAT is ® light, versatile, dependable. 
® unaffected by voltage variations. 
® instantaneous recycling. 
® available in models which offer delays on energiz- 
ing and de-energizing, two-step delays, manually- 
actuated time delay switch, remote push button 
control. 


WRITE our application engineers for help with 
your timing problem. Address Dept. A23-121 


Elastic Stop Nut Corporation 
of America 






i ee a RR, 


1027 Newark Avenue, Elizabeth, New Jersey 
Pioneers in pneumatic timing. 


DIVISION 
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Westinghouse Electric Corp., Gateway Cen 


ter, Bidg. No. 3, Liberty Ave.. 
Pittsburgh 22, Pa 
TUBE PARTS (Electronic). See Elec- 


tronic Tube Components. 


TUBES, CATHODE RAY 
Du Mont Laboratories, Inc., Allen B., 76« 
Bloomfield Ave., Clifton, N. J. 


General Electric Co., Tube Dept., Schenec 
tady 5, N. Y. 


Radio Corp. of America, Tube Div., Har 
rison, N. J. 

Waterman Products Co., Ine., 2445-6 
Emerald, Philadelphia 25, Pa. 

TUBES, ELECTRO®™ ‘tndustrial) 

Amperite Co., ke. 581 Broadway, New 
York 12, N 

Du Mont Laooruories, Inc., Allen B., 760 
Bloomfield A»., Clifton, N. J. 


Eitell-McCuiloug, Inc., San Bruno, Calif. 


es Inc., 1#7 Sussex Ave., Newark 
Federal Telephone and Radio Co., Div. of 


International Telephone and Telegraph 
Corp., 100 Kingsland Rd., Clifton, N. J. 
General Electric Co., Tube Dept., Schenec- 


tady 5, N. 

Hughes Products, Electron Tube, Div. of 
a Aircraft Co., International Air- 

t Sta., Los Angeles 45, Calif. 

Radio Corp. of America, Tube Div., Har- 
rison, N. J. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 3, 401 Liberty Ave., 
Pittsburgh 30, Pa. 


TUBES, METALLIZED GLASS. See 
Glass, Technical. 


TUBES, PHOTOELECTRIC. See Photo- 
electric Cells and Tubes. 


TUBES, THERMOCOUPLE 


Bristol Co., Waterbury 20, Conn. 
Kanthal Corp., 3 Amelia Place, Stamford. 
Conn. 


TUBING, ALUMINUM 
See Aluminum. 


TUBING, BRASS, BRONZE 


and COP- 
PER. See Brass, 


Bronze and Copper. 
TUBING, FIBRE. See Fibre 


TUBING, LAMINATED METAL. 


See 
Laminated Metals, 


Precious and Base. 
TUBING, MICA. See Mica. 


TUBING, NICKEL and NICKEL ALLOY. 
See Nickel and Nickel Alloy. 


TUBING, PAPER 


Cleveland Container Ce., 6201 Barberton 
Ave., Cleveland 2, Ohio 

Continental- Diamond Fibre Div. of The 
Budd Co.. Inc., Newark 13, Del. 


Paramount Paper Tube Corp., 612 Lafay- 
ette, Ft. Wayne 2, Ind. 

Precison Paper Tube Co., 2035 W. 
Charleston, Chicago 47, Ill. 


TUBING, SILVER. See Silver and Silver 
Alloys. 


TUBING and SLEEVING, BRAIDED 
FABRIC. (Textile or Glass-Fibre treated 
with lacquer, varnish or synthetic resin.) 


Bentley, Harris Mfg. Co., 1201 Barclay, 
Conshohocken, Pa. 
Brand & Co., Inc., William, Willimantic, 


7, 


Conn. 
Continental-Diamond Fibre Div. 
Budd Co., Inc., Newark 13, Del. 
Insulation Manufacturers Corp., 565 W. 
Washington Blvd., Chicago 6, IL 
Irvington Div., Minnesota Mining & Man- 
ufacturing Co., 9 Argyle Terrace, Irving- 


of The 


ton 11, 

L.O.F. Glass Fibers Co., 1801 Madison 
Ave., Toledo 1, Ohio 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J. 

Owens-Corning Fiberglas, Corp.. 598 Madi- 
son Ave., New York 22, N. Y. 

Resin Industries, Inc., A Sub. of The 
Borden Co., Santa Barbara, Calif. 

Thompson Fiber Glass Co., H. I., 1611 


a 


W. Florence Ave., Inglewood, Calif. 
Varfiex Corp., 504 W. Court, Rome, N. Y 
Westinghouse Electric Corp., Gateway Cen- 

ter, Bidg. No. 3, 401 Liberty Ave., 

Pittsburgh 30, Pa. 


Teeene. and SLEEVING, EXTRUDED 
PLASTIC 


.— a Co., Inc., William, Willimantic, 

Donn. 

General Electric Co., Chemical Div., 1 
Plastics Ave., Pittsfield, Mass. 

Insulation Manufacturers Corp., 565 W. 
Washington Bivd., Chicago 6, IIL 


Irvington Div., Minnesota Mining & Man- 
Ek Co., 9 Argyle Terrace, Irving- 
ton 11, N. 


National Vulcanized Fibre Co., Wilming- 
ton 99, Del. 

Natvar Corp., 207 Randolph Ave., Wood- 
bridge, N. J 


New Jersey Wood Finishing Co., Electrical 
Insulation Bept., Woodbridge, N. 2. 
Phalo Plastics Corp., Commercial & 

Foster, Worcester 8, Mass. 
Resin Industries, Inc., A Sub. of The 
Borden Co,, Santa Barbara, Calif. 


Rogan Brothers, 8027 N. Monticello Ave., 
Skokie, Ill. 
U. 8. Gasket Co., Camden 1, 


J. 
Varfiex Corp., Court, rR N. ¥ 


504 W. 
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TUBING STEEL. See Steel, 
Forms and Grades. 


Commercia) 


TUNGSTEN. See also Contacts. 


Fansteel Metallurgical Corp., North Chi- 
cago, Ill. 

Mallory & Co., Inc., P. R., Indianapolis 
6, Ind. 

UNDERCUTTERS, MICA. See Mica 


Undercutters 


VACUUM TUBES. See Tubes, Cathode 
Ray; Tubes, Electron. 


VALVES, MANUAL and MECHANICAL 
Ross Operating Valve Co., 183 E. Golden 


Gate Ave., Detroit 3, Mich. 

VALVES, MOTORIZED or SOLENOID 
OPERATED 

Automatic Switch Co., 393 Lakeside Ave., 
Orange. N. 

Barber-Colman Co., Dept. A, 1403 Rock, 


Rockford, lil 


Bristol Co., Waterbury 20, Conn. 

Controls Co., of America, Soreng Div.. 
9551 Screng Ave., Schiller Park, IL 

General Electric Co., Apparatus Sales 
Div., Schenectady 5, N. 

Mercoid Corp., 4201 Belmont Ave., Chi- 
cago 41, iil. 

Ross Operating Valve Co., 133 E. Golden 
Gate Ave., Detroit 3, Mich. 


Valvair Corp., 454 Morgan, Akron 11, Ohie 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bldg. No. 3, 401 Liberty Ave. 
Pittsburgh 30, Pa. 


VALVES, SERVO OPERATED 


Moog Valve Co., Ine., Proner Airport. 
East Aurora, N. Y. 

VARNISHED FABRICS. See Fabrice. 
Insulating. 

VARNISHES, COMPOUNDS and 
RESINS, INSULATING 

Acme Wire Co., 1255 Dixwell Ave, New 
Haven 14, Conn. 

Bakelite Co., A Div. of Unien Car- 
bide & Carbon Corp., 420 Lexingtes 
Ave., New York 17, N. Y. 

Borthig Co., Inc., George C., Drawer 115, 
East Rutherford 6, N. J. 

Brand & Co., Inc., William, Willimantie. 
Cenn. 

Copeese Corp., of America, 290 Ferry. 

ewark 5, N. J. 

Cbs Co. i.. 627 Greenwich, New York 

Dow Corning Corp., Midland, Mich 
(Silicone) 

du Pont de Nemours & Co., (Inc), B. L. 
Finishes Dept., Wilmington 98, Del 


Durez Plastics Div.. 


ooker Electre- 
chemical Co., 


1301 Walck Road, North 


Tonawanda, N. Y. 
General Electric Co., Laminated Products 
Dept., Coshoslon, io 


Insulation Manufacturers Corp., 565 W 
Washington Blvd., Chicago 6, IIL 

Irvington Div., Minnesota Mining & Mapn- 
—. o 9 Argyle Terrace, Irving- 
ton 

Mica Insulator Co., Schenectady 1, N. Y. 

Minnesota Mining & Mfg. Co., Eletrical 
Products Div., 900 Fauquier Ave., St. 


Paul 6, Minn. 
Oronite Chemical Co., 200 Bush, Sap 
A Sub. of The 


Francisco 4, Calif. 
Resin Industries, Inc., 

Borden Co., Santa Barbara, Calif. 
Sceenegety Varnish Co., Inc., Schenectady. 
Sherwin-Williams Co., General Industria) 

Div., Cleveland 1, Ohio 
Union Carbide & Carbon Corp., Silicones 

ey 3 Lextington Ave., New York 
Westinghouse Electric Corp., Gateway Cen- 

ter, Bldg. No. 3, 401 Liberty Ave.. 
a. 
112-130 26th, Brooklyn 


Pittsburgh 30, P 
Zophar Mills, Inc., 
= mw ©. 


VARNISHES, FINISHING, See Lacquers. 
aaa. Paints and Varnishes, Finisb- 
ng. 


VARNISHES, 


INSULATING. See Var- 
nishes, 


Compounds and Resins. 
V-BELTS. See Drives, Belt. 


VIBRATION TEST MACHINES 


General Electric Co., Apparatus Sales Div 
Schenectady 5, N. Y. 

Westinghouse Electric Corp., Gateway Cen- 
ter, Bidg. No. 8, 401 Liberty Ave. 
Pittsburgh 30, Pa 


VIBRATORS 


Aerovox Corp., New Bedford, 

American Television & 
Paul 1, Minn. 

Bristol Co., Waterbury 20, 

Mallory & Co., Inc., P. R., 
6, Ind. 


Mass. 
Radio Co, @& 


Indianapolis 


WAXES and COMPOUNDS 


Bakelite Co., A Div. of Union Carbide 
Car'! Corp. = Lexington Ave. 


Biwax Corp., 3 Howard, Skokie, Ill 

Dow Corning e~, Midland, Mich. 

General Electric Co., Laminated and In- 
sulating Products Dept., wy gy Ohie 

Mica Insulator Co., Schenectady 1 z 

Minnesota Mining & Mfg. Co., Blectrical 
Products Div., 900 Fauquier Ave., St 
Paul 6, Minn. 

ae Inc., 112-130 26th, Brooklys 
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ILSCO 


For Superior Quality 
V Check these features 





MODEL LO 
[-] Pure copper, 100% [-] Sound engineering 


comeinenetty [] Speedy installation 


[] Wide wire range— 
re-usable 


[] U/L-CSA Approved 
[] Compact—rugged 


[-] Cool operation— 
takes overload 


[] No special tools needed 


[] All screws wax-treated 
[] Advanced designing for better clamping 


ALL THESE FEATURES AT LOW COST 


Your V Test Will Prove ILSCO Superiority Over Cast Or Any Other Type Lugs 
LOK-A-BL AS ‘i 
DS 


ad 


CLIPS 
Write for Catalog #50 and Samples 


ILSCO CORPORATION 


5745 Mariemont Ave. Cincinnati 27, Ohio 


TERMINAL BLOCKS 











. Electrical Coil Windings 


“4 e a d e r For 40 years . . . specializing in all types of 


coils to customers’ specifications. Design or 
engineering assistance available on request. 


Inquiry || £0T0-colt co., Inc. 
service 


63 Pavilion Avenue Providence 5, Rhode Island 


STEEL BLUE’ . 





e If whatever appears anywhere in this is- = Srey re mS Fopelec peckess © 
sue, either in the editorial or advertising Mu Yay Bakelite cap holding = 
pages, stimulates a desire for additional in- = ty Wariced ees tae = 
ormation, it is only necessary for readers to — oe pum anes = ae 
record their interests on any one of the post- s » Ge “The dark blue background = 
cards just preceding the back cover, in the | AS — ia en 
manner suggested. The publisher will func- =Q802 = ovene mal eu. te 
tion for readers, immediately contacting the ge, ; accurac} 
sources for the data requested, or forwarding = pene sted Write for sample 
eegernte. THE DYKEM COMPANY = 

2303F North 11th St. © St. Lovis 6, Mo. = 

READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 








CLUTCH 
CONTROL 


TRANSMISSION 





PUSH-PULL Sab | 


: 

_ FLEXIBLE 

REMOTE * Easy to Install 
fe CONTROLS | Low Cost 





This flexible remote control application, 
which Arens helped engineer for a washing 
machine manufacturer, brought added con- 
venience, simplified operation, and lower 

cost over the conventional bell-crank con- 
trol system. These benefits might also apply 
to your product. Write for information and 

a copy of our 40-page manual. 


ARENS controts, inc. 


2005 Greenleaf Street, Evanston, Illinois 


sty d sd YE eee) 


“SNAP-ON” 


dtl 





Hi “SCREW-ON” 
WIRE CONNECTORS 


BAKELITE e PORCELAIN 
SET-SCREW 


“Hi” PLASTIC CLAMPS 
TOUGH @ DURABLE ¢ SAFE! 


CUT COSTS! Teps-in-dielectric 

qualities . . . unaffected by atmos- 

pheric conditions. Made in 3 materials 

—ETHYL CELLULOSE, SARAN, NYLON 
. high-low temperature ratings. 





Keep your produc- 
tion rolling with 
fast, sure “Hi'’ con- 
nectors. NEW! Hi-O 
“LOK-ONS" - small 
Bakelite Connec- 
tors, exclusive lock- 


52 
SIZES 






MAIL TODAY FOR 1957 "Hi'’ CATALOG! 
ASK FOR FREE SAMPLES 








445 ELM STREET @¢ SYCAMORE, ILLINOIS 
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WEDGES and PEGS, ARMATURE 
Insulation Manufacturers Corp., 565 W. 


Washington Bivd., Chicago 6, Ill 
Mica Insulator Co., Schenectady 1, N. Y. 


National Vulcanized Fibre Co., Wilmina- 
ton 99, Del. 

WELDING EQUIPMENT 

General Electric Co., Apparatus Sales 


Div., Schenectady 5, N. Y. (Arc) 
Revere Copper & Brass Inc., 230 Park 
_Ave., New York 17, N. Y. 
Unitek Corp., 258 Halstead 
dena 8, Calif. 
Westinghouse Electric Corp., 
ter, Bldg. No. 3, 401 
Pittsburgh 30, Pa. 


WELD NUTS. See Fasteners. 
WHEELS, BLOWER 
Master Appliance Mfg. Co,, Racine 2, 


Torrington Manufacturing Co 
Cinn. 


Ave., Pasa- 


Gateway Cen- 
Liberty Ave., 


Wis. 
, Torrington, 


WINDING MACHINES. See Coil Wind- 
ing Machines. 


WIRE and CABLE, BARE 


Alloy Metal Wire Div., H. K. Porter 
o. Inc., of Pittsburgh, Prospect Park, 
a. 


American Brass Co., Waterbury 20, Conn. 
American Steel & Wire Div., U. 8. Steel 
¥ » Rockefeller Bldg., Cleveland 15, 


Anaconda Wire and Cable Co., 25 Broad- 
way, New York 4, N. 
Chase Brass & Copper Co., “Waterbury 20, 


onn. 
50 Church, New 


Cornish Wire Co., Inc., 
Essex Wire Corp., Magnet Wire Div., 


York 7, N. Y. 
Wayne, Ind 
General Cable Corp., 420 Lexington Ave., 

New York 17, N. Y. 

General Electric Co., Construction Mate- 
rials Diy., Bridgeport 2, Conn. 

Page Steel & Wire Div., American Chain 
& Cable Co., Monessen, Pa. (Stainless 
or Carbon Steel, Armature wg 

Phelps-Dodge Copper Products C 
Wayne, Ind. 

Roebling’s Sons Corp., 
ee Fuel & 


Fort 


John A., Sub. of 
Iron Corp., Trenton 


Rome Cable Corp., Rome, N. Y. 
sagen & Son, Inc., Joseph T., Chicago 8, 


Sylvania Electric Products Inc., 740 Broad- 
way, New York 19, N. Y. 


WIRE and CABLE, INSULATED 
Asbestos (A) 
Rubber (B) 
Varnished Fabric (C) 
Thermoplastic (T) 
Coaxial Cable (X) 

Alden Products Co., 117 N. Main, Brock- 

ton 64, Mass. (C) 
American Steel & Wire Div., U. 8. Steel 
oe. Rockefeller Bldg., Cleveland 15, 
0. 


Amphenol Electronic ea _ 8. 54th 
Ave., Chicago 50, IIL 

Anaconda Wire and Cable Ce, » 25 Broad- 

enw, New York 4, N. ¥. (ABCTX) 
elden 


Mfg. Co., 4633 w! Van = 

Chicago 44, Ill. (ABTX) 

Brand & Co., Inc., William, Willimantic, 

Chase B ao o Co., Waterbury 
ase Brass ‘opper Co., Wat 20, 
Conn. (BCX) 

Continental Wire Corp., Wallingford, 
Conn. TX) 

Cornish Wire Co., Inc., 50 Church, New 


York 7, N. ¥. (BT) 
Cypeent Co., Carol Cable Div., 


Pawtucket, 
Essex Wire Corp., Magnet Wire Div., 
Fort Wayne 6, Ind 
Federal Telephone and Radio Co., Div. 
wy Telephone and elegrash 
Cc , 100 Kingsland Rd., Clifton, N. 


( 

Gunn Cable C 420 Lexington Ave., 
New York WW ¥ 

General Electric Co., 
rials Div., 

Guiton 
Ine., 


“Gonstroction Mate- 
Bridgeport 2, Conn. 
Mrz. Corp., Gulton aleanion, 
212 ‘Surham Ave., Metuchen, N. J. 


Hitemp Wires, 26 Windsor Ave., 
Mineola, N 


_ oe oD 
ar Sa 1826 Fremont, South Pasadens, 


if 
Mutual Electronic Industries Corp., United 
Cable Div., 85 Beechwood Ave., New 
Rochelle, N. Y. 
Phalo Plastics Corp., Commercial & Fos- 
ter, Worcester 8, "Mass. (TX) 
Phelps-Dodge Copper _ Corp., Fort 


Inc., 


Wayne, Ind. (ABCTX 

Rockbestos Products con. New Haven 4, 
Conn. (AT) 

Roebling’s Sons Corp., John A., Sub. of 
eigeade Fuel & Iron Corp., Trenton 

Rome Cable Corp.. Rome, N. Y. (BTX! 


noel Electric Corp., Pawtucket, R. I 


ABT) 
U. ‘. Rubber Co., 
York 20, N. :. 


Rockefeller Center, New 


WIRE CUTTERS and STRIPPERS. See 
Strippers, Wire. 


WIRE CUTTING PLIERS and TWIST- 
ERS. 


See Pliers and Cutters, Wire 
WIRE FORMS. See Springs, Coil and 
Flat; Stampings, Metal. 
WIRE, MAGNET 
Acme Wire Co., sas Dixwell Ave., New 


Haven 14, Con 

Anaconda Wire ona Ca Co., 25 Broad- 
way, New York 4, 

Belden Mfg. Co., i633 Ww. 
Chicago 44, Til. 

“— Brass & Copper Co., Waterbury 20 
onn. 

Electric Auto-Lite Co., Wire 
Div., Port Huron, Mich. 

Essex Wire Corp., Magnet Wire Div., 


Fort Wayne 6, Ind. 
General Cable Corp., 420 Lexington Ave., 
New York 17, N. Y. 
General Electric Co., Wire and Cable Dept. 
Bridgeport 2, Conn. 


Van Buren 


and Cable 


Hitemp Wires, Inc., 26 Windsor Ave., 
Mineola, N. Y. 

Phelps-Dodge Copper Products Corp., Ines 
Manufacturing Div., Fort Wayne, Ind. 


Rea Magnet Wire Co., 3491 East Pontiac. 
Fort Wayne, Ind. 
Stouts Products Corp., New Haven 4, 


Roebling’s Sons Corp., John A., Sub. of 
Colorado Fuel & Iron Corp., Trenton 2. 


N. J. 
Rome Cable Corp., Rome, N. Y. 


WIRE, MAGNETIC RECORDING. 
Magnetic Recorder Components. 


WIRE MARKING MACHINES. See Mark- 
ing Machines and Devices. 


WIRE, RESISTANCE 


Alloy Metal Wire Div., H. K. Porter Co.. 
Inc. of Pittsburgh, ‘Prospect Park, Pa. 

Bristol Co., Waterbury 20, Conn 

Driver Co., Wilbur B., 150 Riverside Ave., 


Newark 4, N. J. 
Harrison, N. J. 


Driver-Harris Co., 
Kanthal Corp., 3 Amelia Place, Stamford, 


Conn. 
Ney Co., J. M., P. O. Box 990, Hartford 1, 


See 


WIRE STRIPPERS. See Strippers, Wire. 
WIRING DUCTS. See Ducts, Wiring. 


WIRING HARNESSES. See Harnesses 
and Assemblies, Wire. 

WIRING, PRINTED CIRCUIT 

Mandex Manufacturing Co., Inc., 2610 W. 
16th, Chicago 8, IIL 

WORK FEEDERS 

Mead Specialties Co., 4114 N 
Dept. B-17, Chicago 41, Ill. 


WORMS and WORM WHEELS. See Gears 
and Pinions. 


WRENCHES, SOCKET SCREW. 
Socket Screw Keys and Wrenches. 


YARNS, BRAIDING and SERVING. See 
Fabrics, Insulating. 
ZINC 
New Jersey Zinc Co., 160 Front, New York. 
¥. 


XN. 


Knox Ave. 


ELECTRICAL ENGINEERS 


Assistants to project engineers will be interviewed. 
Well rounded men having 3 to 4 years experience, 
BS degree, interested in design of specialty trans- 
formers and voltage regulators needed. This is an 


opportunity to work in New England with a smaller 


company. Send complete 


resumé including educa- 


tion, experience, salary and history to: 


William P. Carpenter 


THE SUPERIOR ELECTRIC COMPANY 


Bristol, Connecticut 
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PYROXYLIN PRODUCTS, INC. 


PAOLI, PENNA. 


| High Heat Resistance 
vd Here’s real ie 
protection— 


economical, and 
simple to apply. 







The corona inhibiting 
ring of this T-V 
fly-back coil is 


PROXMELT’ 


Fusible plastic dipping and enveloping compound. 
Preferred for cells, capacitors, junctions, 
transformers, transistors, bases, coils. Easy to 
apply with simple economical equipment. Various 
Proxmelts are used as self-sufficient insulating 
compositions; as well as modifiers for waxes, resins, 
oils, etc. There is a Proxmelt for your product. 
Write or phone for details. 





ee we | 


ELECTRICAL 
INSULATING MATERIAL 


for complete | 
selection of Basic 
Requirements for your Coil 


Meets all Class B requirements 
Dielectric strength — 600 volts per mil 
Tensile strength — 25,000 Ibs./sq. in. 
Thicknesses from .010 to .025” 

An asbestos-glass laminate 

No delamination or fraying 

High impact strength and arc resistance 


Winding needs it’s... 


Col Winding Equipment Co. 








Write 


for complete 


technical literature 


COIL WINDING EQU 


OYSTER 





COMPOUNDS 


FOR BLENDING 


tana ea 


See NEW YORK 








FOR IMPREGNATING 
coils, wire coverings, paper forms, 
porous ceramics, etc. 


FOR SEALING 


condensers, batteries, exposed ter- 
minals, etc. 


FOR DIPPING 
electrical component assemblies in- 


cluding corona loss barrier mate- 
rials. 


FOR POTTING 


transformers and electrical com- 
ponent assemblies with varying 
degrees of heat conductivity. 


FOR ENCAPSULATING 


to your specifications. Data coils, electrical component assem- 


and samples furnished upon 
request. 


blies requiring higher thermal and 
moisture resistance. 


BIWAX CORPORATION 


3443 HOWARD ST. 


SKOKIE, ILLINOIS 





READER INQUIRY SERVICE CARDS, PRECEDING BACK COVER 


Will take any electrical varnish 


REPRESENTATIVES 


Atlanta — Brownell Distributors, Inc. 
Boston Area—Insulating Fabricators of 
New England, Inc., Watertown, Mass. 
Chicago—Federal Insulation Co. 
Cleveland—C. J. Voneman Associates 
Dallas—Electrical Supply Corp. 
Dallas—Summer Electric Co. 
Denver—Electric Motor Supply Co. 
East Rutherford, N. J.—Insulating 
Fabricators, Inc. 
Fort Worth—Electrical Supply Corp. 
Hamilton, Ontario—Buntin, Gillies & 


Co., Ltd. 
Houston—Houston Industrial Supply Co. 


Kansas City, Mo.—Ace Electric Co. 
Los Angeles—tTri-State Supply Corp. 


Mobile—Russell Electric Co. 

New York—Brownell Distributors, Inc. 

Newark—Electric Motors & Parts Corp. 

Oklahoma City—John H. Cole Co. 

Philadelphia—Electrical Maintenance 
Equipment Co. 

Pittsburgh—Herbert J. Graham 

Salt Lake City—J. R. Christiansen Agency 

San Francisco—Tri-State Supply Corp. 

Seattle—Tri-State Supply Corp. 

St. Lovis—Dale Painter 

Stamford, Conn.—J. A. Jones 


Toronto—Electric Insulation & Fibre 
Co., Ltd. 
Woodbridge, N.J., Chalker Insulation Co. 


Write for literature and free sample 


LETITIA PAPER COMPANY, 


88 Purchase St. © Fall River, Mass. 


INC. 











no place for 
do-it-yourself 





commutators 
are our business 


Why get all tied up in the intri- 
cacies of commutator building? 
We have the experience, all the 
materials, and the facilities to 
build any quantity. Sizes 7/16” 
to 4” diameter. Our plant is mod- 
ern and designed specifically for 
the economical manufacture of 
commutators and slip rings. You 
get custom quality at production 
line cost. 

Delegate your commutator 
and slip ring manufacture to spe- 
cialists. Reap the benefit of lower 
costs and on-time delivery. 


etd 


Electric Products Co. 
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adds 


Sales Appeal 
to your product 


MOLDED FIBER GLASS gives 
your product a unique combin- 
ation of selling features that 
no other material can offer: 


Unusual strength 
Light weight 
Corrosion, rust and 
weather resistance 
Heat resistance 
Impact resistance 
Dielectric strength 
Molded-in color 


Beauty 


Your product, made 
of MOLDED FIBER 
GLASS, does the 
job better . . . lasts 
longer .. . is often 
more economical to 
produce. Write for 
information. 


The Molded Fiber 
Glass Companies 
are the world’s 
largest producers 
of fiberglass rein. 
forced plastic 


mass-produced in 
matched metal __ 
dies. i 







ately 


P 
IIIT 


molded 
Fiber Glass 
company 


4415 Benefit Ave. 
Ashtabula, Ohio 
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T. get further information regarding anything 


which has been published in this issue—editorial 
or advertising pages—readers should use the post- 
age-prepaid postcards provided here. 


Suggestions 
For Use of 
Reader 


Inquiry 
Service 


To speed up the servicing 
of reader inquiries, two sets 
of postcards are provided 
here. The cards on this page 
are for use in requesting 
data pertaining to the edi- 
torial pages—reprints of 
editorial articles, detailed 
information on new com- 
ponents and materials, also 
manufacturer’s literature as 
reviewed in the editorial 
pages. 


The postcards on follow- 
ing page are for use in re- 
questing further information 
on advertised products or 
services—including techni- 
cal bulletins and other 
printed matter as offered 
in the current advertise- 
ments. 


Readers are requested to 
ask only for data for which 
there is a genuine need, pres- 
ent or potential, Within 48 
hours after receipt, the pub- 
lisher will promptly process 
all cards and will pass along 
a complete record of in- 
quiries to manufacturers. 
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To request information from Editorial pages . . . 


Circle appropriate numbers on card below to request Editorial 
Reprints, detailed information on New Components or Materials, 
or Manufacturer’s New Literature. Please type or print your name 
and address. For publisher record purposes, also be sure to indicate 
principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed promptly. 
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Cards will be processed by publisher 
if received by March |, 1957 


Service 


Reprints of 
Editorial Features 


>>P See page 232 


Articles are chosen for re- 
printing if they are espe- 
cially significant or include 
data that lends itself to per- 
manent filing. 

Due to a heavier reader 
demand than can be foreseen 
at time of original order it 
becomes necessary to re- 
print some features several 
times. 

Tear sheets of non-re- 
printed features are avail- 
able in limited number, and 
can be had by letterhead re- 
quest. 


Advertised Products 
and Services 


Handreds of manufactur- 
ers are using the pages of 
ELECTRICAL MANU- 
FACTURING, primarily to 
sell their products and serv- 
ices. 

However, these ads not 
only sell but they inform. 
Often these advertisements 
contain engineering data 
that can be put to practical 
use, or an advertiser may 
indicate he is qualified to 
help solve a_ particular 
problem. 


To request information from Advertising pages . . . 


Write in on card below the names of advertiser companies from 
whom you wish to receive further information on products or 
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your name and address. For publisher record purposes, be sure to 
indicate the principal product of your plant, division or department. 


Those cards which are properly and completely filled out as requested will be processed promptly. 
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if salesman is to calf) 
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You may not need clock drives, but time 
(production time) is a problem everywhere— 
and that calls for the most dependable, most 
efficient use of electric drives—like here! This 
clock, with 300 lbs. of hands and four 24-foot 
dials is powered by a Master Gearmotor driv- 
ing a precision gear train. With that accurate 
Master drive, here’s a one-jewel clock! 


Are you sure you’ve got the right answer to 


your drive requirements? Master components 
can be integrated in any combination to give 
you the right horsepower, right shaft speed, 
right mounting features, in a single, efficient, 
compact unit. Now’s the time to let us prove it. 


MASTER ELECTRIC 
MOTORS 


Motor Ratings...’ to 400 H.P. All phases, voltages, frequencies. 


Motor Types....... Squirrel cage, slip ring, synchronous, repulsion- 


start induction, capacitor, direct current. 


Construction Open, enclosed, splash-proof, fan-cooled, ex- 


plosion-proof, special purpose. 


Speeds.......... ........Single-speed, multi-speed, and variable speed. 


Installation... Horizontal and vertical, with or without flanges 


and other features. 


Power Drive 
Features............... Electric brakes (2 types) —5 types of gear re- 


duction up to 432 to 1 ratio. Mechanical and 
electronic variable speed units—fluid drives— 
every type of mounting. 


THE MASTER ELECTRIC COMPANY 
Dayton 1, Ohio 
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I-T-E CIRCUIT BREAKER—KD (3,000 amp. rating) 
showing progressive assembly with Revere Copper 
and Aluminum Extrusions in place. I-T-E Circuit 
Breaker—KE is same type with 4,000 amp. rating. 


COPPER 
for conductivity 


ALUMINUM 


for economy 


REVERE COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton 
and Joliet, Ull.; Detroit, Mich.; Los Angeles and Riverside, 


Calif.; New Bedford, Mass.; Newport, Ark.; Rome, N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 


—form a Money-Saving 
team in latest 


CIRCUIT BREAKERS 


Revere T. A. Service an Important Factor 
in Ultimate Design of Parts 


The larger of the two extruded and drawn copper shapes 
shown at extreme left started out on the drawing board as two 
pieces. It was thought that a single shape of this size could 
not be made satisfactorily. At this point, I-T-E Engineers got 
together with Revere’s T. A. (Technical Advisory) Service and 
threshed things over. The final result is the one-piece extrusion 
shown and a reduction in machining time. 


Aluminum was selected for the other extrusion shown because 
I-T-E found that it cost less per pound of metal and had a 
higher strength ratio when compared to a casting. Also, space 
was a factor. In all, Revere supplies 5 copper and 2 aluminum 
extrusions for KD and KE type I-T-E Circuit Breakers. All 
were designed to fit specific requirements of I-T-E Engineers. 
Where it could be used satisfactorily, aluminum was applied 


because of economy, while current carrying members called 
for copper. 


This is still another example of Revere supplying the metal 
that will do the best job and with the greatest economy .. . 
be it aluminum, copper or any one of their alloys. So, with 
new things happening all the time in non-ferrous metals it can 
pay you to keep in close touch with Revere. 





